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SOME RESULTS OF AN INVESTIGATION INTO THE EFFICIENCY OF 
LINEN WEAVERS* 


H. C. Weston 


Investigator to the Industrial Fatigue Research Board 


HE fact that long-continued work in More recently, investigations have 

a hot and humid atmosphere is_ been initiated by the Industrial Fatigue 
physiologically detrimental has led to Research Board with the object of de- 
the institution of inquiries in the textile termining, by studies of the output of a 
trades in order to regulate conditions of fairly large number of workers, during 
work so as to safeguard the health of a long period, the extent to which the 
the workers. As a result regulations working capacity of cotton, silk and 
have been imposed in Great Britain linen weavers is affected by the special 
based largely upon evidence taken from atmospheric and other conditions under 
employers and workers, having regard, which they work. In this paper some of 
on the one hand, to conditions regarded the results obtained relating to linen 
as necessary for securing economic pro- weavers are discussed.’ 
duction and, on the other hand, to the During a period of six months, from 
effects experienced by the workers when July to January, hourly records of out- 
employed under these conditions. When put were obtained by means of pick- 
the regulations were being formulated, counters fitted to forty looms in each 
consideration was also given to obser- of two weaving sheds situated in the 
vations upon the body temperature of a North of Ireland. Except in a few 
large number of operatives at work in cases, each weaver operated two looms 
textile mills, and to the results of ex- so that the records obtained represent 
periments designed to determine the the work of about fifty weavers. Simul- 


effects upon the human organism of taneously with the reading of the pick- 


work comparable with that performed counters, records of the wet and dry 


in the factory, but done under similar . 
Tas 'These results are fully discussed, and the com- 


atmospheric conditions reproduced in plete data presented, in Report No. 20 of the In- 
dustrial Fatigue Research Board, 1922, “A Study 
of Efficiency in Fine Linen Weaving” by H. C. 


the laboratory. 


*Received for publication Jan. 19, 1923. Weston. 
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bulb temperatures were taken from hy- 
grometers placed in the vicinity of the 
looms comprising the observational 
groups. Irom the data thus obtained 
curves have been plotted representing 
the hourly, daily, and weekly variations 
of output or efficiency, as well as of tem- 
perature and humidity, from which cer- 
tain conclusions can be drawn as to the 
relation of the former to the latter. In- 
formation regarding the relation of out- 
put to other variables is also afforded 
by study of miscellaneous data obtained 
during the investigation. The principal 
results obtaimed, which concern the re- 
lations between output, temperature, 
lighting, and hours of work, are dealt 
with in this communication. 


The INFLUENCE or ‘TEMPERATURE ON 
EFFICIENCY 


The production of fine linen cloth, such 
as cambriec, is greatly facilitated if the 
atmosphere of the weaving shed is at 
a fairly high temperature and has also 
a high degree ot humidity. This tact 
has long been recognized by manutac- 
turers, and experiments have shown 
that, within reasonable limits, the high- 
er the temperature the better the out- 
put, with regard to both quantity and 
qualitv, while the same is true of hu- 
midity practically up to the point of 
saturation (1). 

Nevertheless, since the human factor 
is one of the agents of production, in 
practice it is only possible to attain 
technically ideal atmospheric conditions 
provided that they fall within the limits 
imposed by the physiological require- 
ments of the worker. The determina- 
tion of those atmospheric conditions 
which, owing to their effects both on the 
work and on the worker, are such as to 
secure maximum production is, there- 


fore, a matter of equal importance to 
manutacturer and weaver alike. If these 
conditions are not identical with those 
believed to be ideal from the purely 
technological point of view, the manu- 
facturer must not go beyond them, since 
any physical advantage gained will be 
counteracted by impairment of the 
weavers’ working capacity. 

During the present investigation the 
relative humidity in both sheds was 
maintained practically constant at 88 
per cent., while the velocity of the air 
varied so little that, in considering the 
relation of atmospheric conditions to 
the variations of efficiency observed, 
only variations of wet bulb temperature 
need be taken into account. The hourly 
variations of these two _ variables 
throughout a composite or typical day 
are shown for each shed in Figure 1. 

A marked similarity is apparent in 
the shape of the curves of efficiency and 
those of temperature, the rise of effi- 
ciency being practically coincident with 
that of temperature up to the middle of 
the afternoon spell, thus suggesting the 
existence of a definite relation between 
these two variables. This similarity is 
not so marked during the afternoon in 
the ease of Shed B, but while the general 
level of temperature in both sheds is 
practically the same, the general level 
of efficiency is considerably higher in 
Shed B than in Shed A; the shape of the 
afternoon efficiency curve in the former 
shed is, therefore, probably determined 
to a considerable extent by fatigue. ‘Lhe 
effect of the continuous rise of temper- 
ature throughout the day is to give the 
afternoon spell a productive superiority 
over the morning spell. This is clearly 
shown by the data given in Table 1, and 
holds good for every day in the week, 
except in two periods when the atter- 
noon efficiency is slightly lower on the 
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last day of the week. As will be seen 
‘rom this table, the total period covered 
by the investigation was divided, by 
changes in the number of working hours, 
into four sub-periods in Shed A and into 
two sub-periods in Shed B. In Figure 1, 
however, the curves of hourly variation 


spective sheds (see Table 2). These eco- 
efficients justify the conclusion that, 
under the conditions obtaining during 
the investigation, there is a definite and 
direct relation between the wet bulb 
temperature and efficiency. Further, 
the magnitude of the coefficients sug- 
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Fic. 1.—Hourly variations of temperature and 
efficiency during a typical day in both sheds. 


are shown only for the first of these pe- 
riods in each shed, as these are typical 
of the whole of the curves as far as the 
effect of temperature is concerned. 
The curves of temperature and effi- 
ciency are plotted for each day of the 
week in Figure 2; a marked resemblance 
in the shape of the two curves is again 
apparent. Correlation of the mean 
daily efficiency with the mean daily wet 
bulb temperature during the first three’ 
statistical periods of investigation in 
Shed A, and during the two periods in 
Shed B, gives positive and significant 
coefficients of 0.59 and 0.71 for the re- 
“The results of the fourth period have not been 
sed because only a small number of observations 


vere made, owing to the shortness of the period 
ind the abnormally short week. 


» 
9 


. ~ 





gests that, within the limits of variation 
experienced, the efficiency-temperature 
curve approximates fairly closely to a 
straight line, and this is confirmed if the 
eurve is plotted from the series of val- 
ues correlated. Since then, for practical 
purposes, efficiency may be regarded as 
increasing pari passu with temperature, 
a correction to the efficiency data can be 
applied which will eliminate the effect of 
temperature. This has been done in the 
‘ase of curves plotted in Figure 2; the 
corrected curves shown there will be 
discussed when the effect of altering the 
hours of work is considered. A similar 
correction applied to the data relating 
to the distribution of efficiency during 
the day shows that, apart from the in- 
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TABLE 1.—DIURNAL VARIATION OF EFFICIENCY AND TEMPERATURE 

















| Monday Tuesday Wednesday | Thursday Friday 
Period = icin 
Bt > P.M. A.M. P.M. | A.M, P.M. A 1. Pe. A.M. | P.M, 
Shed A 
45 Efliciency 58.7 616 604 614 £4612 £615 606 £4623 «610 #4608 
hour Mean var. 1.8 1.3 1.9 2.0 1.0 1.1 1.8 1.5  K - 0.9 


week W.B.temp. 64.1 69.2 C4.0 69.4 63.5 68.3 63.6 69.0 64.1 69.9 



































36 Efficiency 55.5 59.2 579 61.0 581 615 589 62 — ai 
hour Mean var. 3.3 1.0 1.5 1.6 1.6 1.4 3.2 1.4 —_ “ 
week W.B.temp. 62.1 67.7 62.7 68.0 62.6 GS.2 62.7 67.7 — — 

40 Efficiency 514 558 553 568 57.2 58.0 5.5 587 57.2 57.4 
hour Mean var. 2.5 2.1 1.7 2.6 2.6 2:3 1.8 1.9 1.5 3.0 
week W.B. temp. 61.1 64.7 G2.7 66.0 62.6 66.7 62.4 67.3 62.2 67.0 

27 Efficiency 49.0 518 522 547 4509 £511 oni ty os 
hour Mean var. 1.2 BS 0.S 1.5 1.1 RY ~- - 
week W.B. temp. 56.1 D9.4 56.7 60.7 55.4 59.5 = - 

Shed B 

36 li fficiency 70.6 71.8 73.0 74.2 73.9 [4.7 73.6 73.0 
hour Mean var. 1.8 L.4 1.4 12 pe 1.6 1.3 L.7 
week W.B. temp. 605.0 71.2 66.8 72.1 66.5 72.6 67.2 73.1 

85 Efficiency 623 67.7 664 £681 660 701 #£67.2 #6$711 #42669 °&67.8 
heur Mean var. 1.6 2.6 2 4 3.0 L.9 3.0 1.6 2.9 1.4 36 
week W.B. temp. 63.0 64.9 65.3 66.1 65.5 65.9 66.0 66.9 66.2 66.1 








TABLE 2.—CORRELATION OF EFFICIENCY WITH WET BULB TEMPERATURE IN SHEDS 


A AND B 








Shed A Shed B 
efficiency W.B. Nfficiency W.B. 
% Temp. % Temp. 
| | 
eee eer Tree TT Tey Pree eer Perry eer T reo rere DS.5 65.3 70.3 67.7 
. CI oii 6 K6 0 04S REDEEM RENE RSE Ow +2.37 + 1.97 + 3.22 + 2.36 
‘ . . ‘ ) ‘ > ‘> ® ‘ »*) 
STANGAPA GEVIATION ....ccccccccccccccccvcessecess 2.95 2.38 3.56 2.83 
UREMROOE 5 EGO oi 60.6 ote t dw 6560 nb evecdss venstes 70 82 
Sum of products of corresponding individual devia- 
BD cad dav che khddk babes ee base See Cee E 294.535 635.69 
COGHEERERS GE CORTCINGION ..cccccccvcsecseenevresear +0.59 +071 
sy, ££ g¢ (.) SRP ere eee rere +0.055 © 0.03% 








juence of temperature, efficiency is only during this week, the afternoon 
lower during the afternoon than during production on each day fell below that 
the morning spell. of the morning. (See Fig. 3.) No un- 

The normal diurnal variation of tem- usual factor, apart from temperature, 
nerature in the sheds insures that, as a could be discovered as operating during 
~eneral rule, production is greater dur- this particular week, and the important 
ng the afternoon than during the morn- conclusion is therefore suggested that 
ng spell, but during the hottest week of the effect observed is due to the fact 
he whole period of investigation, and that the afternoon wet bulb tempera 
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ture, which exceeded 74° F., reached a 
level so inimical to the comfort and 
fatigability of the weavers as to coun- 
teract any physical advantage gained by 
improvement in the weaving qualities 
of the yarn. 

This conelusion is supported by sim- 
obtained on five isolated 
days during the investigation in Shed B. 
Three of these days were Thursdays, 
when a slight fall of efficiency during the 
afternoon spell was a normal occur- 
rence, but the significance of the results 
lies in the faet that on these Thursdays 


ilar results 


the fall is considerably greater than 
usual and increases as the excess of wet 
bulb temperature over 73° EF. increases. 
The two remaining days were a Monday 
and a Wednesday when the afternoon 
temperature exceeded 73° F., and these 
results are even more striking’ since, 
with a lower wet bulb temperature, the 
afternoon efficiency on these days of the 
week, particularly on Mondays, was in- 
variably higher than that of the morn- 
ine. 

The economic limit of temperature for 
fine linen weaving’ is theretore attained 
when the wet bulb reaches, at the most, 
7) I. ven then, production falls if 
work is done for any length of time at 
this temperature, in spite of the facet 
that the weaving qualities of the yarn 
are Improved, and may continue to im- 
prove even at higher temperatures. As 
a working limit, advantage would prob- 
ably accrue to both weaver and manu- 
facturer if the wet bulb could be pre- 
vented from exeeeding 70” F., except 
for very short periods; but under exist- 
ing conditions, in normal summer 
weather, the temperature ot the sheds 
Is frequently in exeess of this figure. 

Haldane found that, when work com- 
parable to that involved in weaving was 


done, and light summer clothing worn, 


discomfort was experienced when the 
wet bulb reached 73° to 74° F. (1, p. 38). 
He suggests a maximum permissible 
wet bulb temperature of 75° F. for 
weaving sheds, but regards 70° F. as the 
desirable maximum. These figures cor- 
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Fic. 5.—Diurnal variation of efficiency and tem- 
perature during a hot week, 


respond with those suggested by the 
results discussed above, but Hill (2) 
considers them to be very high unless 
there is ample movement of the air—a 
condition seldom found even in modern 
weaving sheds. At similar wet bulb 
temperatures, Legge (1, p. 41) has 
shown that the body temperature of 
linen weavers begins to rise above the 
normal, while in the ease of cotton weav- 
ers Collis and Pembrey (3) found the 
surface temperature of the face from 4° 
to 13° F. higher with a wet bulb of 
71° F. than with the wet bulb temper- 
ature of about 55° F. found in the weav- 


J. I. H. 
June, 1923 
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ers’ homes. Considering, then, the con- 
clusions reached by these investigators, 
together with the data presented in this 
paper, and having regard to the physical 
effects of high temperature in facilitat- 
ing the work of the linen weaver, regu- 
lation of the shed temperature so that 
the wet bulb seldom exceeds 70° F., 
while maintaining the present average 
humidity, should safeguard the health of 
the weaver and insure maximum pro- 
duction. 


Tue INFLUENCE OF LIGHTING ON 
E¥ FICIENCY 


There is a growing recognition of the 
importance of lighting, with regard to 
both adequacy and suitability, as a fac- 
tor affecting the efficiency of the indus- 
trial worker, yet few attempts have been 
made to measure, in terms of output, 
the effect of any given conditions of 
lighting. Recently, however, Elton (4) 
has shown that the efficiency of silk 
weavers falls below its davlight value 
by 10 per cent. when work is done by 
artificial light, even if the amount of 
illumination is adequate. Further data 
are now available illustrating this effect 
of artificial light, and also showing the 
effect of inadequate davlight on the efh- 
ciency of linen weavers. 

During the last two weeks of one of 
the periods of investigation in Shed A 
the looms were stopped as soon as the 
davlight illumination of the shed became 
so poor that it rendered the continuance 
of work difficult. The effect of carrying 
on the work with inadequate illumina- 
tion even for a short time, however, is 
shown by the eurves plotted in Figure 
4, in which the hourly variations of effi- 


cieney are shown separately for the first 
three and the last two weeks ot the 
period. 

Vol. 5 


No. 2 
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Here the normal fall of the eurve dur- 
ing the last hour of the day is consider- 
ably accentuated when the illumination 
provided is inadequate, the actual loss 
of efficiency occurring as the result of 
the failing daylight being 6.5 per cent. 
A similar but greater effect is disclosed 
by the results obtained during a subse- 
quent week, these being also shown 
graphically in Figure 4; the fall of effi- 
ciency during the last hour is roughly 
11.5 per cent. in excess of the normal 
fall when daylight illumination is ade- 
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Fic. 4.—Relative hourly efficiency (typical day) 
for the beginning and end of the forty-hour period 
and for the week ended Noy. 26, 1920 (Shed A). 
quate. From data available regarding 
the average daylight illumination at the 
time to which the results discussed re- 
late, the general illumination of the shed 
when work was stopped was estimated 
to be about 2 foot-candles. 

During one of the periods of investi- 
gation in Shed A artificial light had to 
be used during practically the whole of 
the first hour of the day and also during 
the last two hours, from 4.15 to 6 P.M. 
No effect of its use was observed during 
the morning, probably because the illu- 
mination was augmented by the contin- 
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ually increasing daylight; but during 
the last two hours in the afternoon it 
effected a reduction of efficiency roughly 
ot trom 7 to 10 per cent. of the normal 
daylight value. <A slight increase of 
efficiency occurred during the last hour 
of the day, and this suggests that the 
effect of artificial light upon efficiency 
may be most marked during the first 
hour of its use, and that some improve- 
ment is to be expected when the weavers 
become accustomed to the change of 
liehtine. 

The efficiency curve during a week in 
December (see Fig. 5) shows a fall of 
21.5 per cent. in the last hour of the day, 
and a large proportion of this fall can 
be attributed to the use of artificial 
light. A marked fall of the curve is also 
seen during the preceding hour and is 
due largely to inadequate daylight. On 
the average, when work is done under 
artificial heht, as provided in Shed A, 
efficiency falls below its daylight value 
by about 11 per cent.; this conelusion 
agrees substantially with that formed 
by Elton in the case ot silk weavers 
working under very similar conditions 
of lehtinge. 

The method of lighting employed in 
Shed A consists entirely of local lights, 
each loom being provided with a metal 
filament lamp in a shallow conical metal 
reflector, suspended approximately at 
the head level of the weavers. Generally 
speaking, the amount of illumination 
provided is adequate for the kind of 
work, the maximum varying between 9 
and 8 foot-eandles. At the selvedges and 
back of the looms, however, the illumi- 
nation is reduced to between 1.0 and 2 
foot-eandles, which is hardly sufficient 
to render the detection of breakages at 
these parts as easy as it should be if a 
high standard of efficieney is to be main- 


tained. Probably, however, the reduc- 





tion of efficiency which occurs under ar- 
tificial light is due principally to glare, 
shadow effects, and the absence of gen- 
eral lighting. The common type of 
shallow conical reflector does not screen 
the filament of the lamp and, with the 
latter suspended at head level imme- 
diately in front of the worker, consider- 
able glare is experienced which must 
fatigue the eyes and increase the diffi- 
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ic. 5.—Relative hourly efficiency (typical day) 
for week ended Dee. 8, 1920 (Shed A). 


culty of perceiving breakages of the 
varn. The weaver has also to make con- 
tinual changes of adaptation, since he 
has to scan the whole area occupied by 
his warp, parts of which are in shadow 
and receive much less illumination than 
the cloth-fell immediately in front of 
him. The effect of glare is also accen- 
tuated by the excessive contrast between 
the bright illuminant in the central line 
of vision and the surrounding darkness 
of the shed; moreover, when artificial 
illumination is provided entirely by 
local lights, efficiency may also be atf- 


fected indirectly owing to the fact that 
J. i. Hi. 


June, 1923 
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the general darkness of the surround- 
ings exerts a depressing effect upon the 
workers. 

Recent experiments (5) tend to con- 
firm the view that excessive contrast be- 
tween illumination at the point of work 
and the surroundings is undesirable. 
Considerably less efficiency might be 
lost under artificial light if good general 
lighting were substituted for local light- 


TABLE 3.—CHANGES IN NUMBER AND 


each period is plotted in Figure 6. The 
curves afford some evidence in support 
of the contention recently put forward 
by Bedford (6) that an ideal work-curve 
should approximate to a straight line. 
It will be observed that the first two 
curves, relating to Shed A, represent 
efficiency during a nine-hour day, and 
are very similar. The slightly increased 
irregularity of the curve during the 


DISTRIBUTION OF HOURS OF WORK 








| Dura- 
Shed | Period | tion | Date 
| (Weeks) 


| No.of No. of | After- 
| Hours | Days Morning noon 
‘per | per Spell Spell 


Week Week 

















A 5 7/26 to 8/27/20 45 a S.00—12.30 1.30—6.00 
2 D 8/30 to 9/30/20 36 4 same same 
3 D 10/11 to 11/12/20 40 7 ” 1.30—5.00 
4 3 12/20 to 1/12/21 27 1.30—6.00 

B 1 11 8/ 3 to 10/14/20 36 4 8.00—12.30 — 1.80—6.00 
2 S 10/25 to 12/17/20 Oo i) same 1.30—4.00 








ing, or if local hghting were supple- 
mented by a certain amount of general 
illumination; the latter alternative is 
the most practicable in factories where 
machinery is driven by overhead belt- 
ing. Glare can, of course, be eliminated, 
either by raising the lamps well above 
the line of vision (using units of higher 
intensity, so that the illumination on 
the work is not reduced) or by effective- 
lv screening them so that the filament is 
normally invisible to the workers. 


Tae INFLUENCE OF Hours or WorkK on 
IFFICIENCY 


Several changes in the number of 
hours worked were made during the 
course of the investigation under con- 
sideration; the details are given in Ta- 
ble 3. 

The relative efficiency (after correc- 
tion for hourly variations of temper- 
ature) throughout the typical day in 


vo). 5 
‘ ' 9 


four-day week is probably not so much 
an effect of shortening the week as an 
effect of the reason for this shortening 
—namely, that slackness of trade neces- 
sitated weaving for stock, and the need 
for consistent effort by the weavers was 
therefore not so apparent as under nor- 
mal circumstances. The fourth curve, 
representing a nine-hour day, is also 
similar to the first two as far as the 
morning spell is concerned, but the fur- 
ther shortening of the week, with the 
consequent increased reduction of the 
Weavers’ earnings, is probably respon- 
sible for stimulating efficiency during 
the first half of the afternoon spell—an 
effeet which would have been more ap- 
parent during the latter half of the spell 
if work had not had to be done under 
artificial light during the last two hours. 
The third curve, showing efficiency dur- 
ing an eight-hour day in a five-day week, 
is the most regular and shows the clos- 
est approximation to the ideal work- 
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curve, especially when it is remembered 
that the fall of the curve in the last hour 
of the day is accentuated by the results 
obtained during the last two weeks of 
the period when work at this time was 
hampered by inadequate daylight. 

The curves relating to Shed B show 
interesting differences from those ot 
Shed A. During the morning spell there 
is a much closer approximation to an 
even maximum, and a number of factors 
other than hours of work, were probably 
responsible for this result. Among 
these may be mentioned good time-keep- 
ing, close supervision of the workers, 
and good organization of the work, while 
the standard of skill of the weavers, the 
quality of the yarn used, the method of 
humidification adopted (employment of 
underground instead of overhead ducts), 
and the treatment of the yarn before and 
during weaving, probably contributed in 
producing the effect observed. In the 
case of the nine-hour day, the high 
standard of efficiency, sustained with re- 
markable regularity throughout the 
morning, 1s not maintained during the 
afternoon spell when a fairly rapid fall 
of the eurve occurs after the first hour 
and a half. With the seven-hour day 
aud the longer week, practically the 
same regularity is noticeable during the 
morning spell, although the level of the 
curve is much lower in relation to that 
of the afternoon spell owing to the 
Wholly unusual occurrence of the max- 
imum efficiency during the half hour fol- 
lowing the midday break. This unusual 
feature appears to be an effect of the 
reduction of hours; the very short dura- 
tion of the afternoon spell probably en- 
couraged a prompt start and a special 
effort by the weavers, which might have 
been better maintained but for the effect 
{ diminishing daylight illumination— 
the factor which determined the length 
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of the spell. 

Ignoring the curve for the wholly ab- 
normal period when work was done on 
only three days, the corrected curves 
representing efficiency throughout the 
week, plotted in Figure 2, show a gen- 
eral tendency to become more regular, 
and to rise steadily from day to day, as 
the total number of hours worked is re- 
duced. 

On the whole, although the data pre- 
sented are not conclusive, they suggest 
the general conclusion that reduction of 
hours of work, within reasonable limits, 
tends to produce a better type of work- 
curve. Apart, however, from any in- 
crease of uniformity in the distribution 
of output effected by changing the hours 
of work, the effect of such changes upon 
the total output must be considered. In 
the present case, the hours of work were 
reduced with the object of effecting a 
reduction of output, and not with the 
object of increasing production by re- 
ducing fatigue; but in spite of this, so 
far as can be estimated after allowing 
for the effect of temperature variations, 
shortening the length of the working 
day did not result in a proportional re- 
duction of total output. 


SuMMARY 


(a) When the relative humidity is 
constant, the productive efficiency of fine 
linen weavers varies directly with the 
wet bulb temperature up to a certain 
critical point. This connection between 
efficiency and temperature is principally 


due to the favorable influence of the lat- 


ter upon the weaving qualities of the 
yarn, but when the wet bulb reaches 73° 
to 75° F. it becomes definitely unfavor- 
able to the weavers, and produces undue 
fatigue and reduction of efficiency. As 
a working maximum, a wet bulb temper- 
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ature of 70° F. should insure maximum 
production consistent with the comfort 
and health of the weavers. 

(b) When work is done under arti- 
ficial lighting conditions, such as those 
described, efficiency falls below its day- 
light value by about 11 per cent. This 
loss might be reduced if glare were elim- 
inated and uniformity of ilumination 
secured. The provision of a system of 
general, as well as loeal, lighting would 


prevent excessive contrast between illu- 
mination at the point of work and the 
surroundings, and would secure a closer 
approximation to daylight conditions 
than is possible if local lights only are 
employed. 

(c) Reasonable reduction of the num- 
ber of hours of work appears to favor 
the production of a uniform work-curve, 
and is not accompanied by a propor- 
tional reduction of total output. 


BIBLIOGRAPHY 


Report of the Departmental Committee on 
Humidity and Ventilation in Flax Mills and 
Linen Factories (Cd. 7433). H. M. Stationery 
Office, 1914, Appendix NII, 

Hill, L.: The Science of Ventilation and Open 
Air Treatment. Part I. Med. Res. Comm., 
Special Rep. Series No. 32. London, 1919, p. 
110. 

Collis, KE. L., 
tions upon the 


and Pembrey, M. 8S.: Observa- 
Effects of Warm Humid At- 
Man. Physiol. (Proc. 
1911, 


Jour. 
y3, Xi, 


mospheres on 


Physiol. Soe.). 


4. Elton, P. M.: A Study of Output in Silk 
Weaving during the Winter Months. Indust. 
Fatigue Research Board, Rep. No. 9. H. M. 
Stationery Office, 1920, p. 55. 


Third Report of the Departmental Committee 
on Lighting in Factories and Workshops 
(Cmd. 1686). H. M. Stationery Office, 1922, 
Appendix IV, p. 32. 


6. Bedford, T.: The Ideal Work-Curve. 
JOuR., 1922-1923, 4, 235. 


THIS 





OBSERVATIONS ON DYSMENORRHEA OCCURRING IN WOMEN 
EMPLOYED IN A LARGE DEPARTMENT STORE* 


Marcaret Castex Srureis, M.D. 


Associate Clinical Professor of Gynecology at the Woman’s Medical College of Pennsylvania, and 
Junior Gynecologist to the Hospital of the Woman’s Medical College of Pennsylvania 


YSMENORRHEA from the indus- 

trial viewpoint is that discomfort 
or pain accompanying menstruation 
which lessens the efficiency of women 
employees. The crippling of women in 
industry from this cause necessitates 
practical consideration by the industrial 
physician. 

This study is based on 2,077 consecu- 
tive physical examinations of women 
employees in a large department store 
which maintains an average working 
force of 3,000 women. ‘These examina- 
tions were made in the year 1921 and 
in the early months of 1922. Each em- 
ployee was carefully questioned as to 
discomfort, pain, loss of time necessi- 
tated by her menstrual period and the 
methods, if any, usually employed in 
securing relief. Each card was marked 
according to the following classifica- 
tion: 

0. ‘Those who experience no discom- 
fort. 

Those who feel a slightly lowered 
efficiency, but who do their work without 
complaint. 

1. Those who begin work and later 
are compelled to seek relief from a hot 
drink, medication, or rest on a couch 
or bed with hot water bottles, ete. 

1.2. Those who occasionally remain 
at home or go home during the first day 
of the period, but at other periods suffer 
ttle or moderate pain or discomfort. 

2. Those who are compelled to re- 
main at home one or more days of each 
menstrual period. 

“Received for publication March 29, 1923. 


A.M. Menopause resulting from op- 
erative procedures. 

N.M. Menopause resulting from nat- 
ural causes. 

The following classification was made 
on the basis of the histories obtained 
from the examination of 2,077 women 
between the ages of 16 and 60: 


0 1 L@ 2 1.M. N.M 
Married 520 148 27 28 13 65 
Single T3T 398 64 63 0) 14 


An analysis of this classification 
shows that 60 per cent. of the working 
women between the ages of 16 and 60 
are able to continue their work uninter- 
ruptedly during their menstrual peri- 
ods, suffering little if any discomfort. 
With this group may be placed those 
who have no menstruation, owing either 
to post-operative artificial menopause 
or to the natural cessation. Hence 65 
per cent. may be considered not handi- 
capped by the menstrual function. 

Among 26.3 per cent. of these women 
there is a slightly lowered efficiency due 
to pain or to other discomfort which 
necessitates mild remedies or rest on a 
couch or bed for a short time. This 
group can be, and is being materially 
benefited by education along the lines of 
health and hygiene. It is with this 
group that the industrial hospital is 
most concerned. 

The ninety-one women in Group 1.2, 
who are occasionally incapacitated, may 
be materially helped by the methods ap- 
plicable to Group 1. 

Group 2, in which there are also 
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ninety-one women, presents the real in- 
dustrial handicap. According to my 
findings the women of this group repre- 
sent about 4.4 per cent. of industrial 
women. ‘They are unable to work after 
employing some of the common reme- 
dies or even after a few hours in bed 
with hot applications, and must stay 
home from work one or more days each 
month. They present some gross pelvic 
pathology or endocrine disturbance, 
which requires concentrated study with 
the applicable medical or surgical treat- 
ment. This is a problem to be solved 
without the industrial hospital and until 
it is solved the person should be consid- 
ered in the industrial world as any other 


cripple. 
MANAGEMENT OF DyYSMENORRHEA CASES 


[t is the policy of the medical depart- 
ment of this store to aid in every way 
to raise the efficiency of the female em- 
ployees during menstruation. 

|. ‘Talks on hygiene of the menstrual 
period are given by the physician to the 
sponsors, or representative women, of 
the store, each of whom is personally in 
charge of a group ot women. ‘These 
sponsors are chosen because it is very 
difficult to assemble such a large body 
of women employees for purposes of in- 
struction. ‘They are the disseminators 
of the store knowledge in matters per- 
taining to their groups of employees; 
henee they are made the disseminators 
of knowledge concerning the hygiene of 
the menstrual funetion. In addition, 
with each physical examination a short 
personal talk applicable to the individ- 
ual type of period is given, together with 
advice as to the proper mental attitude 
toward this function, its hygiene, ete. 


9 A nurse is in attendance at all 
times and hot drinks, suitable medica- 
tion, hot water bottles, with rest in bed 









when necessary, are given to those who 
seek relief. At the end of a two hours’ 
rest at the most, the-patient is usually 
able to return to work. 

0. ‘lhe more difficult cases and the 
repeaters have access to the physician 
for consultations. 

4. Medical passes are issued only in 
the exceptional cases. These passes are 
‘fon pay’’ and the attitude of the de- 
partment is to do everything for the 
comfort of the employee, hoping to get 
her back on the job, rather than to issue 
passes by request. This attitude elimi- 
nates Group 2 from our observation to 
a certain degree. 


ANALYSIS OF THE HospiraL Recorps 
on DyYSMENORRHEA 


Analysis of the hospital records on 
dysmenorrhea for the period of six 
months from June 6, 1922, to December 
6, 1922, shows that 199 women out of a 
total of 3,000 made 238 visits to the hos- 
pital for the treatment of dysmenor- 
rhea; 108 of this number came for hot 
drinks or medication, and ninety-one de- 
sired to lie down, in addition. Of these 
twenty-eight were repeaters; seventeen 
eame for medication only, and eleven 
were so ill that they had to lie down. 
The number of visits made by these re- 
peaters was as follows: 


For Medicution 
13 reported 2 times. 
2 reported 3 times. 
1 reported 5 times. 
1 reported 6 times, 


For Medication and Rest in Bed 
{) reported 2 times. 
2 reported 3 times. 
The amount of time spent in the hos- 
pital in six months for dysmenorrhea 
was 120 hours and thirty-five minutes. 


This loss is less than 0.003 per cent. of 
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‘he time given by women as employees, 
but is an individual loss in efficiency to 
these ninety-one women of 0.4 per cent. 

The foregoing figures show that dur- 
ing this period of six months only 6 per 
cent. of the women employees reported 
to the hospital for treatment, whereas 
earlier records showed that 26 per cent. 
needed medication, ete., during their 
menstrual periods. Of the remaining 
20 per cent. some have probably been 
benefited by the talks, and by the atti- 
tude of the hospital; some may have 
prescribed their own analgesic or else 
may have been under the treatment of 
the family physician. In either event, 
the employee is at work in the store: 

Statistics regarding the women who 
stay at home during menstruation occa- 
sionally, and even every period, were 
exceedingly difficult to obtain. I pre- 
sent the following figures simply for 
their face value. Two departments in 
the store, the employees of which were 
the least transient, were selected—one 
a selling department, and the other non- 
selling. The time sheets were secured 
trom May 22, 1922, to September 16, 
1922, a period of almost four months. On 
these sheets absences of a duration of 
three or more days were noted as vaca- 
tion, leaves, and sickness. Absences of 
one or two days’ duration were noted as 
for personal reasons. ‘These records 
were then studied for periodicity of 
absences. 


Non-Selling Department 
112 women employees with 106 single day 
absences without a periodicity : 


oe 68 tPA ee Pear eee 30 
|) absent 2 or 3 consecutive days at one 
CMG hyn s oan ei-eweke cen Cr ike ee 25 
.. absent several non-consecutive days at 
NO FORUIRE WITCTVEl 2.6 i cekccevces 46 
AO iV xve bu eeawe ht anaeenees saaunes 106 


Selling Department 
‘( Women employees with 24 single day 


. wo 


absences without a periodicity : 





SF Pr TT re rere 8 
4 absent 2 or 3 consecutive days at one 
NE bas Git eh a cen enon eh el 10 
3 absent several non-consecutive days at 
mO regular interval ........cccccces 6 
PPE TT EEE T CETTE Tee. Cre rT ere re 24 


Hence 0.9 per cent. of the working 
time of the 112 women in the non-selling 
department was lost in absences; some 
of this time, it is reasonable to suppose, 
was due to dysmenorrhea. Among the 
forty-seven women in the selling depart- 
ment 0.0 per cent. of the working time 
was lost in absences for similar reasons. 
These figures give an average loss of 
0.7 per cent. The actual loss due to dys- 
menorrhea, then, is less than 0.7 per 
cent. among these groups of women. 
From the lack of periodicity in these 
records it may be concluded that the 
women absent from dysmenorrhea be- 
long to the classification Group 1.2. It 
is this group that the industrial physi- 
cian must reach and, by education and 
regulation of hygiene, must keep at 
work every day. 

Where is Group 2 in this store? The 
attitude of the medical department is 
probably responsible for eliminating 
this group. The individual talks at the 
time of the examination and subsequent 
consultations with the physician have 
probably helped a few women. The oth- 
ers are discontinued in the turnover of 
labor because of their periodic absences. 


SUMMARY AND CONCLUSIONS 


1. The great majority of women suf- 
fer no appreciable lowering of efficiency 
during the menstrual function. Accord- 
ing to this study based on 2,077 consec- 
utive examinations of women employees 
in a large department store, 60 per cent. 
had no menstrual handicap; 30.6 per 
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cent. had a slight menstrual handicap; 
whereas only 4.4 per cent. were seriously 
handicapped. 

2. Much can be done to overcome the 
lowered efficiency of women in industry 
by education and by the proper manage- 
ment of the industrial hospital. 

3. The attitude of the hospital does 
much toward overcoming the habit of 
not working during the menstrual func- 
tion. 


4. The women employees who must 
remain at home every period because of 
severe disability should be considered in 
the industrial world as any other handi- 
capped person. ‘The question whether 
they should or should not be employed 
is a debatable one, but their disability 
should not be charged against the great 
majority of working women among 


whom lowered efficiency as a result of 
menstruation is negligible. 








H. 
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THE PREVENTION OF INDUSTRIAL LEAD POISONING IN ENGLISH 
FACTORIES* 


A. C. Burnuam, M.D. 


New York City 


spite of the general knowledge con- 
cerning the dangers of lead poison- 
ing in various industries, this disease 
continues to occur to a fairly large ex- 
tent in persons handling lead products, 
and it accounts for a considerable mor- 
tality. When it is appreciated that for 
every fatality there are from ten to 
thirty eases which may be recognized 
clinically, and that in each of these the 
period of disability may be: prolonged 
(or several months or longer, it becomes 
apparent that the total economic loss 
due to this disease must assume large 
proportions. It has been estimated that 
among house painters the attack rate 
may be as high as one per thousand em- 
ployed, and that in some industries the 
rate may be considerably higher. 

It was the privilege of the writer, dur- 
ing the summer of 1922, to study in some 
detail the methods employed in England 
for the prevention of lead poisoning in 
industrial establishments. The. results 
of this study are presented not because 
they contain new and hitherto unknown 
facts regarding lead poisoning but be- 
cause they furnish information which 
indicates the practical means used in the 
control of the disease on a nation-wide 
basis, permitting a comparison of the 
‘“nglish methods with the methods used 
n different parts of the United States. 
in England, the measures taken for the 
orevention of this disease, as well as of 

‘her similar diseases of occupation, are 
ider the control of the Factory Depart- 
ent of the Home Office which corre- 


teceived for publication Feb. 26, 1925. 
LB 


sponds, in general, to the Department of 
Labor in most states of the United 
States. 

Figures given by Dr. T. M. Legge, 
Chief Medical Inspector of Factories 
(1) show that, in 1920, 243 cases of lead 
poisoning, with twenty-three deaths, 
were reported in industries under the 
control of his department. These fig- 
ures may be compared with 1,058 re- 
ported cases in 1900, with thirty-eight 
deaths. The comparison of reported 
cases and deaths during the years 1900 
and 1920 is shown in Table 1. 

In the registration area of the United 
States there were, during the year 1920, 
120 deaths certified as due to chronic 
lead poisoning. Such figures, however, 
by no means indicate the total mortality 
resulting, directly and indirectly, from 
this disease. It is common experience 
that diseases of the kidneys and lungs 
are frequently associated with lead poi- 
soning, and it is certain that lead plays 
an important, undoubtedly a very large, 
role in the mortality due to diseases of 
these organs. The clinical evidence is 
that the absorption of lead is an impor- 
tant factor in sclerotic changes in the 
blood vessels and in many other diseases 
incurred during exposure to lead, and 
that in such cases deaths are seldom re- 
corded as due to lead poisoning but are 
ordinarily ascribed to some other cause. 

In New York State there are reported 
annually from fifty to 100 cases of in- 
dustrial lead poisoning with an average 
of about eleven deaths. ‘Table 2 gives 
the industrial figures in that state for a 
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period of nine years (2). Based upon 
these figures it has been estimated that 
there are in the United States at least 
2,000 cases of chronic lead poisoning 
annually, possibly a much larger num- 
ber. 

Available evidence indicates that the 
chief means by which lead is introduced 
into the system is through the respira- 
tory tract, either as fumes or as dust. 
Part of the lead is no doubt deposited in 
the mouth and pharynx and swallowed, 
and part is drawn into the lungs. In 
some cases lead is introduced into the 
mouth on the hands and becomes mixed 
with food, but this method plays a see- 
ondary role as the cause of disease. A 
third method, the absorption of lead 
through the skin is, theoretically, a pos- 
sible cause of lead poisoning, but if this 
plays any part at all in the production 
of clinical symptoms, it must be quite in- 
significant. 

In Knegland during 1919 the total 
number of cases of occupational disease 
for which compensation was paid was 
10,074, of which 2.8 per cent. were lead 
poisoning (3). It is officially recognized 
by the Home Office that women are more 
susceptible than men and that ‘‘indus- 
trial plumbism is practically always the 
result of inhalation and absorption from 
the alimentary or pulmonary tract, or 
both, of dust and fumes’? (4). Uncelean- 
liness and carelessness on the part of the 
worker are accepted as contributory 
eauses. Women and young persons are 
excluded trom certain types of industry 
known to be especially dangerous. In 
general these processes are associated 
with the manufacture of lead pigments 
and the melting or reduction of lead on a 
large scale. It is further required by 
law that the employment of women and 
young persons in processes involving 
the use of lead compounds shall be per- 


mitted only upon the existence of the 
following conditions: 


(a) Locally applied exhaust ventilation 
so as to remove dust and fumes at the point 
of origin. 

(b) Cleanliness of tools and workrooms. 

(c) Notification to Government author- 
ities of all cases of lead poisoning and com- 
pensation therefor. 

(d) Periodic medical examination of per- 
sons employed in such processes. 

(e) Provision of sufficient and suitable 
cloakroom, washing, and mess room accom- 
modation, and of special protective clothing. 

(f) Rule against bringing food or drink 
into the workroom. 


Dracnostic STANDARDS 


The official statement of diagnostic 
standards for the detection of lead 
poisoning in England is not without in- 
terest (4). The following symptoms are 
especially noted: 

Blue Line on the Gums.—This by it- 
self is noted as indicating the presence 
of lead rather than of lead poisoning. 
It is a valuable sign as a danger signal 
and affords an indication of the etiology 
of given symptoms. 

Anemia.—The destruction of a cer- 
tain number of red cells is stated to be 
the earliest action of lead when ab- 
sorbed. Facial pallor due to interfer- 
ence with the nerve supply of the blood 
vessels of the face is noted. In males, 
anemia is said to be comparatively rare 
and its significance, especially when as- 
sociated with loss of subcutaneous fat, 
particularly noticeable in the orbit and 
bueccinator region of the face of the lead 
worker, is consequently greater. 

Colic—-Digestive disturbances asso- 
ciated with habitual constipation and 
colic (sometimes with attacks of diar- 
rhea) are noted. It is stated that fully 
75 per cent. of the notifications of lead 
poisoning in England are on account of 
eolie. 


| i 
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TABLE 1.—NOTIFICATION OF LEAD POISONING IN GREAT BRITAIN IN 1920 AND 1900 




















1920 | 1900 
Industry ici esael dilidie a testinal cianadaensiitl ‘ 
Cases Reported Deaths|Cases Reported Deaths 
eee GE BORED oa es 6 can deewecdséwcscs ceéveene 45 3 34 1 
FPS Tee eee PETE EeePC eT Ce CS 0 0) 3 0 
Sheet lead and lead piping ........cccssccccsccce 3 0 7 
yl rrr ery ree errr es re 6 1 ‘) 0 
POE Oa 2 va 0:5 b SORE BS 00's RK Ob-Od 04.409. 0 0.05 08%5% 9 0 18 2 
Pe 6:0 6:6.065.60b 5 6bs koe 6 de deceased dTRS OS 3 1 40 3 
TO an bad 6c eee ees Pe T Perry yr re reer eT eee ee 2 0 5 0 
We SE cca ouch eee ebdeeee eee seed eesal ee 7 0) 358 6 
Ree Fe. bas cewek bs0-b 50s 66s Tk 608 bee Seee’ 11 0) 19 (0) 
CHD DE CED 00.6 60 666d 6s eebb oe Racers 24 3 200 8 
po RR I ee ee ee ne ere 7 2 33 0 
Pe Se EE - : 6.6.4.4 Wht 000 60h) ace vw weeeeuesa 9 Q 56 1 
tO EERE RTT CEE TCR CORTE ee 13 0 TO 5 
oe errs err eer Pe ee ee ee ee ea 9 0 32 2 
oe, I Se ry ere Te ee rere es 45 3 164 9 


(f, | Serre errrrerrererrerrereereereeecrereere rn 245 23 1.058 38 


TABLE 2.—CASES OF LEAD POISONING REPORTED TO NEW YORK STATE DEPARTMENT 
OF LABOR FOR NINE-YEAR PERIOD ENDING AUG. 31, 1920 (2) 


Industry ' Number of Cases | Number of Deaths 


A. Painting 


ee, RD. GPRD 6 .o.06:00.46.0:0046s 6006000066000060666000626 4 273 52 
Factory or shop, chiefly automobile and carriage vainting ..... 7 12 
Dn sbeé¢ che wheh een bas thane eh eek O85 ekbe ae 5658 604004 68 aO eS 350 64 
B. Manufacturing 
CO PPT Sree eT ee Tee eee Tee TET Te ee Te eT ee 140 3 
Wee Se, SE, GE ce eece ed catadvecedeennesshecsceeestawnss 61 5 
ee <P Gee Be. COR. Ole. oo cbc c kde dowee eeeeeeeesenses 19 4 
I ADS ADA ele i a eg sh ee eR aR ae ee ene 19 4 
We ED as oa 6s ods 0 ee ee Oe Bo ks a gale lees ala eae ete wie acai aes u oes ob 0) 
OEE. BOGS 2c cd vddcccaccecvscedeces SPv eee edbenededseseoenncee 14 2 
re Ce” SD sins 5 4b'n6 S006 30 CR EMER KNEES NOSSO RUE EORS S 0) 
I EE eee ee ee re ee ee ee eae Se 6 0) 
Ne rere eT eee Te ee ee Core Te ee eT eee eee ee eee 5 2 
DERE kc obec ese eecteseses Pree ey Care Sere Te ere Tee TT eee 33 4 
PE Ss Deiwh bb OOaR i 088 a6 POR REL ED eS OO SOE KEKE DEKE ORO 13 24 
UC. Plumbing 
EE ita 5a eck Ck a Wik wk Oa e he 6 oa ENS Oboe ee ee a 8484 XS 11 2 
D. Electrical power station 
I a ar ae a re ohare a Ota ee oe eRe gal tac wha Ne i a ee te he 8 ce eg 6 0 
E. Miscellaneous or indefinite 
ee eee Peer eT eee ee ee ey eee ee eee Bo 11 
Toe: = xwhdasds (kde ewe Oe 2 00 bee eee ad ss weresedseeesewne 710 101 


Arthralgia—Severe pain may occur encephalopathy are described in detail. 
n the region of the large joints, gener- Especial attention is directed to epilep- 
ally the knee, elbow, or shoulder. tiform seizures which simulate true epi- 
Nervous Symptoms.—Vertigo, per- lepsy. Mental symptoms are divided 
‘stent headache, and symptoms of lead into three classes: (1) toxemia with 
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sensory disturbances which tend rapidly 
to improve upon removal of the patient 
from exposure; (2) hallucinations of 
sight and hearing, more chronic in na- 
ture, which may be permanent; (3) 
symptoms resembling general paralysis 
with tremors, increased knee jerks, in- 
coordination accompanied by listless- 
ness amounting to dementia, but which 
tend to disappear. 

Paralysis.—‘'The most frequent pro- 
nounced nervous symptom of lead poi- 
soning is the well-known ‘dropped 
wrist,’ due to paralysis of the extensors 
of the fingers and wrist.’’ Other mus- 
cles may be involved, and it is noted that 
the strain to which certain muscles or 
eroups of muscles have been put seems 
to influence the extent of the paralysis. 

Interstitial Nephritis.—Direct inflam- 
mation of the vessel walls, resulting in 
obliterative arteritis, arteriosclerosis, 
and degeneration and exudation in the 
kidney, lung, and liver are noted. This 
inflammation gives rise at a compara- 
tively early stage of albuminuria. late 
sclerotic changes in the vessels are 
mentioned only incidentally. 


\lepicaL HKXAMINATIONS 


In the prevention of lead poisoning 
in kingland, great reliance is placed upon 
the periodic examination of the work- 
ers, particular attention being paid to 
new workers who are said to be espe- 
cially susceptible. The procedure is 
comparatively simple and many exami- 
nations may be performed in a short 
period of time and with only a nominal 
interruption of work. I have seen an 
expert examine twenty-five men in less 
than twenty minutes. 

The employees are brought into the 
office and are examined in turn by the 
physicians. As may be supposed, the 
routine examination is in no sense a com- 









plete physical examination. The sur- 
geon asks one or two questions as to 
gveneral health, examines the face and 
the conjunctivae for evidence of anemia, 
looks at the gums for the blue line, and 
tests the extensors of the fingers and 
the wrist for muscular weakness. The 
extensor test is described as follows: 
“The surgeon can examine the out- 
stretched hands by placing the tip of 
the forefinger of his own in the out. 
stretched hand of the worker and the 
ball of the thumb upon the extreme tip 
of each finger, gently pulling it down, 
noting the spring present in the mus- 
cles.’’ It is stated that this is probably 
the most delicate test for the detection 
of early extensor paralysis. Only in ex- 
ceptional cases is there any further ex- 
amination. In such cases the examina- 
tion may be complete, including urine 
and blood tests. 

The intervals between examinations 
vary considerably according to the char- 
acter of the work done. Where there are 
particular dangers, as in atmospheres 
heavily laden with fumes or dust, the 
examinations may be made weekly. In 
other parts of the factory where the dan- 
oer is less, as in the department where 
finished products are packed, examina- 
tions are made less frequently, possibly 
once every three to six months. Records 
are kept in all cases. 

The surgeon is required not only to 
make the examinations but to indicate to 
the employer processes which appear to 
be unduly dangerous, and to suggest to 
both the employee and the employer 
methods which may be used to prevent 
poisoning. The employee is warned to 
use every possible effort to insure habits 
of cleanliness and attention to regula. 
tions. In general only those cases are 
notified which show sufficient symptoms 
to require abstention from work. The 


duration of suspension from work rests 
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upon the discretion of the surgeon. In 
cases of slight or transient attacks tem- 
porary suspension may suffice but in 
repeated or grave attacks prolonged sus- 
pension, or even permanent exclusion 
from work in lead, may be necessary. 
The periodic examinations of employ- 
ees by examining surgeons permit early 
and adequate reporting of cases, and 
thus make it possible for the Factory 
Department to take precautions against 
the disease. They also tend to reveal 
incipient and recurrent cases at an early 
date, and in this way effectively prevent 
the continued employment of suscep- 
tible persons in a particular occupation 
for which they are physically, or physio- 
logically, unfitted. The latter benefit is 
by no means of minor importance. 
There is no doubt that the intelligent se- 
lection of'employees for this particular 
employment according to the individual 
powers of resistance will do much to 
prevent industrial disability. 
‘‘Industrial disease,’’ says Sir Ken- 
neth Goadby (5) ‘‘is undoubtedly a 
cause of unemployment and, therefore, 
to decrease unemployment not only 


should disease be prevented but an at- 
tempt should be made to select for em- 
ployment persons whose specific and in- 
dividual powers of resistance are best 
suited for the particular type of em- 
ployment. In any given industry the 
variations in employment, possible with- 
in the same industry, are very great and 
a judicious selection of persons for 
their employment would, no doubt, be a 
gain not only to the individual himself 
but to the industry as a whole.’’ 

As far as the writer can judge from 
observation, no serious objection to the 
work of the inspecting surgeons is made 
either on the part of the employer or on 
the part of the employee, but there is a 
tendency, in the course of the daily rou- 
tine, to disregard minor precautions for 
the prevention of poisoning, and espe- 
cially among the employees there is a 
disposition to become careless and to 
neglect ordinary precautions. Constant 
vigilance and attention to detail on the 
part of the examining surgeon appar- 
ently play an important part in the pre- 
vention of the disease. 
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ATMOSPHERIC PARTICULATE MATTER: I. DUST, WITH A NEW 
APPARATUS FOR ITS DETERMINATION 
(Continued) 


Puitre Drinker, B.S., Cu.E., Ropert M. THomson, anp SerH M. Fircuet, M.D. 


From the Laboratories of Physiology, Harvard Medical School 


VIL. Description or New APPARATUS 


The object in view in the design of 
this new apparatus was to produce an 
instrument which would be capable of 
taking samples at various rates up to 8 
or 10 cubic feet per minute by a wetting 
method requiring a small volume of wet- 
ting medium; and which would at the 
same time collect the dust, accurately 
measure the air flow through the appa- 
ratus, reduce to a minimum the time 
required tor field work, and establish 
a practical method of altering the dura- 
tion and degree of contact between the 
particulate matter and the wetting me- 
dium. 

In the accompanying drawing (Fig. 1), 
dusty air enters the first collector 
through the side entrance, passes down 
through a 1-inch tube, bubbles through 
the perforated thimble and 80 to 90 ee. 
of water, passes up through the scrubber 
plate, and is spiraled out the top. The 
second collector functions in exactly the 
same manner, both being alike and inter- 
changeable. All the metal parts except 
the vacuum pump are made of standard 
tubing or sheets of spun brass or cop- 
per ; and in addition all these metal parts 
except the pump (of which the housing 
is aluminium) and the orifice meter are 
nickel plated on all surfaces. The object 
of nickel plating is to facilitate cleaning, 
since it is easier to wash dust off a bright 
shiny surface than off a dull one. Also, 
dust remaining on bright metal is more 
visible than is dust on dull metal. The 


cap at the top of the 1-inch entrance tube 
is removable to facilitate washing. The 
only gaskets necessary are at the junc- 
tion of the glass bulb and the main tube 
of the collector. A glass bulb is used, at 
present, so that the scrubbing effect may 
be observed, but there seems to be no 
reason why this bulb cannot be made 
of spun copper and be plated, thus giv- 
ing an all-metal collector which will be 
satisfactory for many dusts. Rubber 
stoppers on the bottom outlet are pre- 
ferred to rubber tubes and clamps, since 
the latter retain too much dust and tend 
to clog, particularly in samples of the 
sizes handled by this apparatus. ‘The 
bottom outlets seem to be of no advan- 
tage in the all-metal collectors and will 
probably be discarded. 

Various volumes otf water have been 
used—80 to 90 ¢.c. are required when 
using the scrubber plates, otherwise 60 
to 70 ¢.e. suffice. Larger volumes of water 
require more time in the eventual sep- 
aration or evaporation of the water, in- 
crease the load on the pump during 
sampling, and add inappreciably to the 
efficiency of the scrubbing. Water lost 
by evaporation must be replaced, or the 
upper holes of the thimble will not be 
effective. This point will be discussed 
later. 

1. Thimble—The method of altering 
the contact between the dust and the 
wetting medium is furnished by thimble 
holes the size of which, therefore, is not 
fixed. At first, in order to obtain more 
uniform air distribution, we used thim- 
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bles with holes which increased in diam- 
eter from the top of the thimble to the 
bottom. Thimbles of many shapes have 
been tried, such as hemispheres, fine 
screens, cones, ete., all of which can be 
made by any spinner, as expensive 
chucks are not required. Those used by 
us at present are of a convenient shape 
to spin. By varying the number and 
size of the holes the size of the bubbles 
ean be altered at will. Small holes are 
more effective, but they increase the re- 
sistance to air flow, reduce the size of 
the sample, and increase the difficulty in 
cleaning. 

We have never been able to show that 
it is of particular importance how near 
the thimble comes to the bottom of the 
glass tube. As long as there is a space 
of about three-quarters of an inch be- 
tween the thimble and tube, the thimble 
functions properly. It apparently makes 
little difference whether the bubbles 
strike against the wetting medium or 
against the glass. ‘The efficiency of the 
apparatus, however, is less at speeds 
where the air flow through the holes is 
uneven—a condition which applies at 
speeds of less than 6 eubie feet per min- 
ute for thimbles of the size shown. We 
have also been unable to show that holes 
increasing in size from top to bottom are 
an advantage, except for inereased ease 
in cleaning. There is a slight advantage 
in using slow speeds in that the bubbles 
are smaller, but this is probably coun- 
terbalanced by loss in the velocity at 
which the bubbles meet the water. It is 
important to keep the holes separated 
since, if they are placed too close to- 
gether, the resulting bubbles join on 
emerging from the thimble. 

2. Scrubber Plate——It was expected 
that the eflicieney of the collectors would 
be materially increased, owing to in- 
creased contact between the bubbles and 


the wetting medium, by the use of a 
scrubber plate such as is shown in Fig- 
ure 1. The holes in the plates are of 
such size as to allow a partial layer of 
water to build up above the plate, leav- 
ing about an equal amount below, thus 
giving a twofold scrubbing effect: (1) 
at the thimble, and (2) at the scrubber 
plate. By altering the size of the holes 
in the plate the water distribution can 
be changed at will. The results obtained, 
however, showed that the scrubber plate 
had little or no effect in increasing the 
efficiency of the apparatus, and, as a 
consequence, the plates will probably be 
abandoned. 


3. Spiral—Modern air washers, 
evaporators, and many similar types of 
apparatus are equipped with devices for 
avoiding entrainment losses, the under- 
lying principle being to change the di- 
rection of the air or gas abruptly. The 
spiral fulfils this function and has, there- 
fore, been incorporated in our appara- 
tus. Without some such method of 
avoiding entrainment it was impossible 
to maintain the necessary air speed un- 
less very long tubes were used. The 
large tube, into which it is essential that 
the spiral fits tightly, is made of nickel- 
plated brass instead of glass, in order 
to avoid breakage resulting from 
scratches on the inside of the glass. Fur- 
thermore, glass tubes of large diameter 
frequently vary, in 5-foot lengths, more 
than one-eighth of an inch in inside di- 
ameter, so that spirals for different glass 
collectors are not interchangeable. 

The geometry of the construction of 
the spiral and its true envelope is not 
as simple as at first appears. The spi- 
ral, cut from thin standard brass sheets, 
is soldered on the 1-inch brass tube, and 
both parts are nickel plated. We have 
found it best to approach, as nearly as 


possible, a flat spiral, but since it is im- 
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possible to cut such a spiral from a plane 
surface, we approximate it by using one 
which makes an angle of about 30° with 
the horizontal. The geometric inaccu- 
racy of the method increases rapidly 
with the ‘iecrease in this angle. The dis- 
tortion of the surface of the spiral 
caused by soldering on the tube is pro- 
eressively great with decreasing angles, 
so that the plating must be done after 
soldering in order to prevent peeling. 
Flat spirals could be cast, turned, or pos- 
sibly twisted and pounded into shape, 
but the advantage, if any, of so doing 
would probably not be worth the trouble 
or expense. Many variations in widths, 
pitches, and angles have been tried. The 
type shown, however, has been found to 
be the most satisfactory and ¢an be made 
easily and quickly to fit any size cylin- 
drical collector tube. 

An unforeseen advantage of the spiral 
is realized in cleaning the collector. 
All of us have frequently used the 
Palmer apparatus in spite of its demon- 
strated inefficiency for stopping very fine 
particles, and all confess to have shaken 
water out of the bulb unintentionally, 
and entirely through carelessness. The 
spiral on our collector effectively pre- 
vents such an occurrence, provided the 
tube is held in a vertical position and 
is shaken up and down. This naturally 
ereatly facilitates cleaning. It seems 
reasonable to assume that the spiral as- 
sists in obtaining intimate contact be- 
tween the dust and the water in much 
the same manner as do the eliminators 
on the exhaust of air washers. The value 
of this point, however, is questionable 
since the air passes up the spiral at a 
rather low speed. It does, however, give 
an effect comparable to that obtained in 
the Palmer apparatus, but much more 
violent and less pulsating, while the en- 


trainment is stopped so effectively that 


Vol. 5 
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the outlet at the T-connection is dry, 
even at air flows of 12 eubic feet per 
minute. 


4. T-Connections and Air Entrance. 
—The T-connection is made from stand- 
ard brass tubing, while the conical 
shaped portion, through which the dusty 
air enters, is made of spun copper. The 
outside of the conical shaped portion is 
easily cleaned, but the inside is more 
difficult. The T offers no difficulty in 
cleaning. 

As shown in Figure 1, the upper por- 
tion of the spiral ends on the side of the 
collector opposite the air exit. This 
causes more efficient separation of the 
entrained water than if the spiral ended 
on the same side as the air exit. Ifa 
two-hole stopper is used—one hole for 
the air entrance, and one for the ex- 
haust and slow air flows—the exhaust 
air bubbles out of the thimble unequally 
and is pulled toward the exhaust-hole 
side, since the bubbles tend to take the 
shortest path. This effect is obviated, 
however, by using the spiral. 

Dd. Suction Pump.—The source of air 
suction for our device is the motor and 
fan of a Premium Vacuum Cleaner. The 
motor, fan, and housing of this appa- 
ratus are of rugged construction and yet 
are light in weight. I'urthermore, the 
motor runs at surprisingly constant but 
high speeds, requires very little oiling, 
and is comparatively dust-proof. <A 
sliding contact rheostat is used to con- 
trol the speed. 

6. Orifice Meter—If one aspires to 
accurate results in the collection and 
weighing of the dust in air, it is incon- 
sistent to use inaccurate methods for 
measuring air flow. The pitot tube is 
objectionable since a straight length of 
several diameters of pipe is required in 
order to eliminate the swirling and other 
effects of curves or elbows. Further- 
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more, the pin holes used in the static 
pressure arm of modern pitot tubes be- 
come clogged entirely too easily. Ven- 
turi meters are not easy to make, while 

gvas-meter with a capacity of 10 eubie 
feet per minute is out of the question 
since it is entirely too large for field use. 
Electric meters, while more accurate, 
require additional apparatus. 

Having had some experience in the 
use of the Bailey orifice meter in indus- 
trial work, we felt that a small one could 
be used on our apparatus. Bailey (86) 
points out, in his original paper, the fact 
that the accuracy of the orifice meter is 
independent of bends or elbows, and 
shows that the error in metering steam 
is about 1 to 2 per cent. Our experience 
in the use of this meter for air flow 
shows a still smaller error. A point 
which Bailey emphasizes is the location 
of the pressure taps, particularly the 
lower one. It is quite inaccurate to 
measure air flow by this method unless 
the low pressure tap is placed at the 
Vela contracta, where the lines ot alr 
flow take the shape of an ideal flow 
meter. It is likewise essential to use a 
stiff orifice plate. A factor, based on 
the ratio of the orifice to the pipe diam- 
eter and on the air friction in the pipe, 
is applied to correct for the difference 
between the flow through an orifice and 
the flow through an ideal meter, which 
takes the true stream-line configuration. 
A 100 light Tufts Gas-Meter, kindly 
lent to us by the Boston Consolidated 
Gas Company, was used to check the 
theoretical curve shown in Figure 2. 
This meter, while not so accurate as the 
wet type, has a very low resistance to 
air flow of such magnitudes as we were 
reading, and was calibrated against a 
large spirometer both before and atter 
our tests. The recording mechanism is 
so constructed that the speed of the dial 


hands is uneven and large samples are, 
therefore, necessary to insure correct 
readings. Since such a meter measures 
true volume while the orifice meter 
measures weight, it is essential that 
they be connected to work at the same 
pressure. Whether air is blown through 
or drawn through by suction seems to 
make no difference, provided one knows 
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Fic. 2.—Curve of air flow through orifice meter. 


the density of the air at the time it 
passes through the orifice. 

Table 1 shows the results obtained bv 
blowing air through the apparatus con- 
nected in the following order: the two 
dust collectors, the orifice meter to which 
was attached an extra length of tubing, 
and the gas-meter. Table 2 shows the 
results of drawing air through the same 
arrangement of apparatus. The orifice 
meter and the vas-meter were then inter- 
changed with no appreciable difference 
in results. When the collectors, which 
have a combined resistance of about 
115 inches of water, were placed between 
the two meters, the results were 5 to 10 
per cent. in error. 

For a working curve we use the air 
density given in Figure 2. Variations 
in relative humidity can be ignored but 
variations in temperature greater than 
15° F. are corrected for from standard 
tables of air density. A U-tube manom- 
eter half filled with colored distilled 
water containing a trace of caprylic al- 
cohol is used in place of an Ellison draft 
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vage, since it is entirely visible and can 
be quickly refilled. A white celluloid 
chart, constructed from the curve for 
the rate of flow, reads cubic feet per 
minute directly. The slope of 1:3 used 
in our Manometer is a purely arbitrary 
one. Our tests showed that the limit 
of accuracy of the meter was governed 
primarily by the manometer. For slower 
air flow, therefore, we use a slope of 
smaller angle and a lighter liquid in 
order to increase the excursion in the 


TABLE 1.—CALIBRATION OF ORIFICE ME- 
TER AGAINST RECORDING GAS-METER 











Corrected 


Gas-Meter | Orifice Meter 


Reading | (From Curve) | Difference 
cu. ft. per min. cu. ft. per min. “ % - 
5.04 0.00 —().S 
6.51 6.50 —0.2 
7.00 7.50 —().7 
8.5 8.50 +1.9 
9.55 9.50 —0).5 
10.05 10.00 —0.5 








Order of apparatus: compressed air supply, two 
collectors, orifice meter, and gas-meter. 


manometer. For rates of 9 to 10 cubic 
feet per minute. the manometer shown 
is satisfactory. 

Buckingham (87) has shown that ori- 
fices with a trumpet-shaped entrance are 
more accurate than flat ones such as we 
use. The reason for this is the change 
in the coefficient of discharge occurring 
with change in the pressure ratio on the 
two sides of the orifice, a correction 
which does not appear to be applied by 
Bailey. While we have used the trum- 
pet-shaped orifices and have found them 
very accurate, they are difficult to make. 
The flat orifice, which can be made very 
easily and with assurance of the same 
degree of accuracy shown in Tables 1] 
and 2, gives a method of measuring air 
‘low sufficiently accurate for our pur- 
poses, 


J 


VII. Canrpratrion or Apparatus 
Figure 3 shows the set-up used in de- 
termining the efficiency of the apparatus 
against fine tale and silica dusts. Since 
the essential part of the apparatus is the 
collectors, it is more convenient to blow 
the air through than to draw it. The 
air can then be filtered, humidified, 
heated, or cooled without the use of a 
powerful pump, while the two needle 
valves give a control of air flow far 
more constant than is required. In the 
Palmer apparatus the air flow is some- 
what pulsating, even when air is blown 
through, owing to the nature of the bub- 


TABLE 2.—CALIBRATION OF ORIFICE MBE- 
TER AGAINST RECORDING GAS-METER 








Corrected | 
Gas-Meter Orifice Meter 
Reading | (From Curve) | Difference 
CU. ft. per min. CU. ft. per min, % 
5.08 5.00 —1.6 
6.60 6.50 —1.5 
8.06 8.00 —0.8 
9.03 9.00 —0.3 
9.58 9.50 —0.3 








Order of apparatus: two _ collectors, 
pump, orifice meter, and gas-meter. 


vacuum 


bling. With a single collector on our 
apparatus this effect is barely notice- 
able, but with two collectors the pulsa- 
tions are too slight to be noted on the 
manometer. This slight pulsation effect 
is not stopped by using constant air flow 
but it seems too insignificant to warrant 
the use of a regulating device such as 
was employed by the Bureau of Mines. 

In the set-up shown, the main air sup- 
ply enters by the larger of the two 
needle valves, passes through an empty 
5-gallon bottle and then through another 
5-gallon bottle stuffed full of dry cotton 
for filtering the air, and enters the top 
of the small dust floater where it meets 
and picks up an ascending cloud of dust. 
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The intensity of the latter is controlled 
by the bell clapper and by the small 
needle valve, which allows the air to 
pass through the sulphuric acid drying 
bottles to the bottom of the floater. Sul- 
phuric acid is used in place of calcium 
chloride to avoid the introduction of 
dust into the floater. For some time we 
used the usual type of sensitive glass 
flow meters for obtaining like air flows 
at the bottom of the floater, but after a 
little practice it was found that the posi- 
tion and frequeney of the bell clapper 
had far greater effects on the constancy 
of dust clouds than did variations in air 
speed. 

The weight of dust introduced was 
determined by weighing the floater and 


dust before and after each run. By 


using tares there is no difficulty in ob- 
taining these weights to the fourth dec- 
imal place. The short tube projection 
from the first colleetor to the floater is 
soldered to the collector with Dekotin- 
sky cement, and any dust which lodges 
in it is added to the first collector. The 
dusty air enters the first collector where 
the greater portion of the dust is 
caught, usually about 95 per cent. or 
over, and thence passes to the second 
collector where it is further freed of 
dust but at an efficiency distinctly lower 
than in the first collector. The exhaust 
air, which still contains a trace of dust, 
passes out through the orifice meter and 
then through an extra length of tubing 
in which the degree of humidification is 
determined by means of a wet and a dry 
bulb thermometer. 

This set-up may sometimes be changed 
to permit the use of a third collector as 
a humidifier and dehumidifier, for which 
purpose a third large bottle may be 
placed in parallel so that any desired 
fraction of the air can be passed through 
the collector before the air reaches the 


dust floater. It was also found con- 
venient to substitute a hair hygrometer 
for the first set of wet and dry bulbs. 
Since attempts to dry volumes of air as 
large as 8 to 10 cubic feet per minute are 
impractical with this set-up, and since 
freezing is too expensive, we were un- 
able to make enough runs with dry air 
to show whether the dryness of the air 
had an appreciable effect on the eff- 
ciency of the apparatus. A few runs 
with slower rates of air flow and dry- 
ing with ealeium chloride, however, in- 
dicated an increased efficiency and also 
showed that in dry atmospheres the effi- 
ciency of the first effect of the tandem 
collector was lower than in moist at- 
mospheres. We have not, however, ob- 
tained sufficient data to establish this 
point definitely. 

1. Washing Collectors—Ffor clean- 
ing out dusts such as tale and silica, 50 
per cent. alcohol is used, as it wets glass 
and bright nickel more readily than does 
water, and consequently washes off the 
dust more rapidly. Stronger solutions 
and a mixture of ether and alcohol are 
not sufficiently more effective to warrant 
their use. In routine work, either in the 
field or laboratory, a 250-c.c. beaker or 
flask has more than ample capacity to 
hold the contents of one collector with 
its wash water. 

2. Kvaporation and Filtration.— 
Though it is probably a matter of indi- 
vidual taste, there is no apparent advan- 
tage in filtering suspensions such as 
silica or tale if a large number of sam- 
ples are to be taken. By running a tare 
made up of the same liquid and equal in 
volume to the unknowns, errors from 
impurities in the collector water or 
wash water are avoided. This often 
permits the use of tap water in the field. 
In the laboratory calibrations recorded 


in this paper, frequent checks on the 
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difficulty of obtaining complete dryness 
were made by introducing definite 
amounts of tale or silica dust into a 
beaker, thoroughly wetting the dust, 
and observing the time required to come 
to constant weight. 


IX. Dtscussion 


After a large number of tests on va- 
rious dusts with one coliector, it was de- 
cided to use two, principally in order to 
see what fraction of the dust missed by 
the first collector would be caught in the 
second, and also to discover whether an 
index of their individual or combined 
efficiency could be obtained from the 
ratio of the weights of dust caught in 
the two collectors. Suppose we make 
the unwarranted assumption that the 
two collectors function at exactly equal 
efficiencies, and then plot theoretical 
curves of which the ordinates are effi- 
ciencies and the abseissae are the ratios 
of the weights of dust obtained in the 
two collectors. The equation of the 
curve tor the efficiency of either collector 
will be 1—B/A, and of the two in tan- 
dem will be 1—B*/A?® (Fig. 4)', A and B 

*The derivation of these formulae is as follows: 

Let x be the total weight of the sample. 

Let A and B be the weights recovered in the 
first and second collectors, respectively. 

Let Eg, and E, be the efficiency of the single 


and the double collectors, respectively. 
Then a single collector will stop an amount: 


A = Esx or x = A/Es 


and the second collector will stop: 


(x—A) Es = B or x = A+B/Es 


Eliminating x, 
Es = 1—B/A 


The combined efficiency of two collectors would 
be 
A+B A+B A+B A—B 


x A/E A A 


representing the weight of dust caught 
in the first and second collectors re- 
spectively. 

In both cases the curves are asymp- 
totic to 100 per cent. efficiency when the 
ratio of A/B=infinity, or when the 
first collector stops all the dust and the 
second gets none. Since we know the 
weight of dust introduced and ean de- 
termine the two unknowns, A and B, it 
is possible to estimate the errors made 
by assuming that the two collectors 
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single and double collectors. 

function at equal efficiencies. If it can 
be shown in the laboratory that the 
single and tandem collectors function at 
an efficiency of which the ratios A and 
B furnish an accurate representation, it 
should then be possible to estimate with 
reasonable assurance the error in the 
weight of dust collected in either one or 
two collectors in the field. 

A large number of laboratory deter- 
minations made by the set-up shown in 
Figure 3 indicate, however, that the effi- 
ciencies of the second collector are al- 
ways substantially lower than those of 
the first, and that this difference varies 
markedly with the dust. Tables 3, 4, 5, 
and 6 show that an error of less than 1 
per cent. would be made by this method 
with tale dust, while silica dust (‘Tables 
7 and &) gives errors of nearly 3 per 
cent. In all cases the efficiencies shown 
are on the basis of weights recovered. 


o. i. 
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Oecasionally an efficiency of over 100 
per cent. is obtained, while more rarely 
a recovery of less than 90 per cent. is 
made in the first collector. These fig- 
ures have been purposely omitted, how- 
ever, While those given are believed to 
be representative and were chosen at 
random from a large number of deter- 
minations. 

The probable explanation of the dis- 
crepancy in the efficiencies of the first 
and second collectors is that the greater 


PABLE 38.—TALC DETERMINATIONS: NO 
SCRUBBER PLATE USED AND COLLEC- 
TORS WASHED WITH 50 PER CENT. 
ALCOHOL 








Efficiencies 


| First | Second| Ratio 
DustCon- Time Total | Col- | Gol. | First: 
centration | lector | lector | Second 
mg. per cu.ft. min. % % Yo 
14.03 15 99.1 95.4 80.3 26.4 
13.3 17 99.1 94.2 82.5 21.3 
13.3 15 99.4 95.5 85.1 24.7 
13.8 15 99.0 95.2 78.0 25.0 
16.0 15 98.9 95.1 78.3 25.1 
20.3 12 97.9 93.9 65.1 23.3 
12.1 16 99.1 94.5 83.5 20.6 
13.3 15 99.5 95.5 87.6 23.9 
9.1 15 99.7 94.9 93.0 20.0 
12.2 15 99.5 95.3 90.1 22.6 
Average... 99.1 95.0 82.4 23.3 
Theoretical 99.81 95.7 








part of the dust is removed in the first 
and, in order that the dust passing 
through the second may have a like 
chance of being wetted, it must pass out 
of the second thimble in bubbles which 
are correspondingly smaller. It would 
therefore seem advisable to use thimbles 
vith smaller holes in the second collector 
ian are used in the first. 

l. The Size Distribution of Dust Par- 
‘icles mm the Double Collector—Tale and 
‘ilica dusts were chosen for this work— 
‘ale because it has been found to pass 
‘hrough the Palmer apparatus in unex- 
vectedly large amounts, and silica be- 


= 
+ wo 


. ~ 





cause it has been used by other investi- 
gators. Of the two dusts, tale showed 
by far the more uniform particles. 
Photomicrographs of the original dusts 
prepared by Green’s (30) method and 
direct measurements with 500 and 1,000 
diameters magnification showed that 
most of the tale particles were under 15 
microns, while the silica (obtained from 
the Corning Glass Company) showed 
no uniformity in particle size, many par- 
ticles being as large as 40 microns or 
TABLE 4.—TALC DETERMINATIONS: SCRUB- 


BER PLATE USED AND COLLECTORS 
WASHED WITH 50 PER CENT. ALCOHOL 








Efficiencies 


First Second Ratio 


Dust Con- | Time Total Col- Col- First: 


centration lector | Jector Second 
mg. per cu.ft. min. % % % 
14.1 15 99.9 96.7 95.9 30.1 
13.6 15 98.7 95.8 71.4 32.2 
13.7 15 99.1 95.6 40.7 26.5 
13.5 15 98.6 94.8 73.1 24.5 
12.5 15 99.2 95.6 82.1 26.6 
16.8 12 99.3 95.7 83.2 26.8 
16.5 14 99.4 95.9 83.8 27.7 
13.5 13 99.5 96.0 87.1 28.4 


13.2 15 99.3 95.5 84.1 25.7 

12.3 15 99.3 95.8 84.1 27.2 

19.3 11 99.0 95.4 77.9 26.5 
Average... 99.2 95.7 82.1 27.5 
Theoretical 99.86 96.4 








more. On the other hand, however, the 
silica contained a decided excess of fine 
particles measuring 1 micron and less. 
The tale is much lighter and more fluffy 
than is silica, and has a correspondingly 
ereater tendency to flocculate. It is es- 
sential to use dry air in producing tale 
dust clouds, otherwise the particles 
form small balls and clumps which are 
not broken up by the current of air or 
by the rapping of the bell clapper. 
Samples of silica dust taken at the 
mouth of the floater showed particles 
distinctly smaller than those of the orig- 
inal dust. This indicates that there is a 
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preferential floating of the small, par- 
ticles. Microscopic examination of the 
suspensions from the two collectors, 
without the addition of stabilizers, 
showed clearly that the particles in the 
first collector were smaller than those of 
the original dusts. In the case of silica 
they were rarely over 15 microns, while 


TABLE 5.—TALC DETERMINATIONS: SAPO- 
NIN USED AND COLLECTORS WASHED 
WITH ETHER AND ALCOIOL 








Iofficiencies 
First | Second Ratio 
Dust Con- Time | Total Col- | Col- | First: 
centration | lector | lector | Second 


mg. per cu.ft. min. % % % 
14.7 15 99.2 95.1 83.4 23.6 
14.0 15 99.5 95.3 $4.0 24.4 
15.5 14 99.6 99.3 $2.4 24.5 


~ 


16.1 14 99.3 95.2 85.1 23.5 

14.5 15 99.0 95.4 $5.0 24.5 
Average... 99.3 95.5 S4.0 24.1 
Theoretical 99.8 95.8 








those from the tale were mostly under 
10 microns. On the basis of count or 
size-frequency, the small silica particles 
were in great excess over the large ones, 
most of them exhibiting pronounced 
brownian movement. In the second eol- 
lector, the presence of silica particles 
too large to show brownian movement is 
rare, the majority beine 1 to 2 mierons 
and less. This is true of tale particles 
also, except that in the presence of 
water alone they show a pronounced 
tendency to floecculate into clumps which 
are too large to show brownian move- 
ment. 

While the silica particles caught in the 
second collector are of about the same 
size as the tale particles, the fact that 
they are more dispersed may account 
for the relatively lower efficiency of the 
second collector for the silica than for 
tale. ‘The presence of floceulates in the 
dust clouds tends to facilitate wetting, 








as the floceulated mass is more readily 
retained in the collector than ‘is an 
equivalent amount of dispersed par- 
ticles. Our evidence is insufficient to 
show definitely the relation between 
particle size and the readiness with 
which the particles can be wetted, al- 
though present results support the ex- 


TABLE 6—TALC DETERMINATIONS: NO 
SAPONIN USED AND COLLECTORS 
WASHED WITH ETHER AND ALCOHOL 








| Iifficiencies 


\First | Second Ratio 


| 





Dust Con- Time | Total | Col- Col- First: 
centration | lector | lector Second 
mg. per cu.ft. min. % % % 


13.8 14 99.3 95.7 85.0 25.8 

14.5 14 99.8 96.5 92.3 28.4 

18.3 12 98.2 95.8 56.1 39.8 

14.1 15 99.1 95.4 80.9 26.2 

23.9 10 98.6 95.1 69.8 28.1 
Average... 99.0 95.7 76.8 29.7 
Theoretical 99.9 96.6 








planation of the Bureau of Mines— 
namely, that the efficacy of wetting 
methods decreases with the size of 
the particles. This, however, depends 
largely on the dispersion of the dust 
cloud. There is no doubt that the effi- 
ciency of the second collector can be 
inereased by decreasing the size of 
the thimble holes. After the greater 
part of the dust has been eliminated by 
the first ecolleetor, the use of a second, 
especially adapted to catching the small 
particles and employing possibly some 
wetting medium other than water, seems 
to offer a logical solution. We wish to 
emphasize the point that the gravimetric 
error made by not catching these smal! 
particles is about 2 to 3 per cent. of the 
total dust sample, so that their grav! 
metric significance is questionable al 
though their number may be high. It is 
shown in the case of both tale and silica 
dusts that the serubber plate gives a! 
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inereased efficiency too slight to be of 
value. Comparison of the results with 
and without the scrubber plate indicates 
that the greater part of the dust is 
caught by the bubbling action through 
the thimble holes and that only a small 
fraction is stopped by subsequent bub- 
bling through the water above. 


TABLE 7—QUARTZ DUST DETERMINA- 
TIONS: NO SCRUBBER PLATES USED 





stead of a collector tube such as ours, 
they use a flat-bottom glass container. 
Their air entrance tube is 5/8 inch in 
diameter and enters the collector 
through one hole of a two-hole stopper. 
The bottom of the entrance tube, which 
is flat and pierced by fifteen holes 0.8 
mm. in diameter, is kept 0.8 mm. from 


TABLE 8—QUARTZ DUST DETERMINA- 
TIONS: SCRUBBER PLATES USED 





Efficiencies 





| First | Second | Ratio — 
Dust Con- Time | Total | Col- Col- | First : 
centration | | lector | lector | Second 


mg. per cu.ft. min. % % Yo 
49 12 98.0 95.6 56.0 38.8 
40 15 98.1 95.2 60.0 33.1 
39 15 97.8 95.2 00.2 36.8 
42 15 97.8 94.7 DO.4 41.5 
Average... 97.9 95.2 54.9 37.6 
Theoretical 99.92 97.08 








bfliciencies 
| First | Second | Ratio 
Dust Con- Time ‘otal Col- Col- | First: 


centration lector | lector | Second 
mg. per cu.ft. min. % N Yo 
61 10 98.98 95.7 69.2 40.7 
57 12 99.70 96.2 52.4 47.5 
Do» 12 97.15 94.7 45.9 38.2 
43 15 97.40 95.2 46.6 40.6 
Average... 98.3 95.5 03.5 41.8 


Theoretical 99.95 97.28 











Comparative tests of tale dust with 
and without saponin show results too 
nearly alike to warrant drawing conclu- 
sions. The fact that the presence of 
ether and alcohol or of 50 per cent. aleo- 
hol alone facilitates cleaning is likewise 
ditheult to show by figures, and depends 
too much on the personal equation. 
There is no reason to suppose that 
these are the best liquids with which 
to wash all powders off glass or nickel. 
There are doubtless others which will 
dislodge certain dusts with greater ease, 
but for many dusts they are of undoubt- 
ed help and need be used in only small 
amounts. By using like amounts in the 
tare, corrections are made for impuri- 
ties in the ether and the alcohol. 

2. Comparison with Greenburg and 
Smith’s Method—This method (75) 
‘hough not published in detail, appears 
‘0 be much like ours and is, therefore, of 
‘Special interest since it confirms quite 

dependently the general principles 
hich we believe are established. In- 





the bottom of the collector by lugs. 
Since 300 ¢.c. of water are placed in the 
collector, the depth of the water is prob- 
ably greater than in our apparatus, 
while the air flow must be far less. The 
escape air passes out through the other 
hole of the rubber stopper by way of the 
suction pump and flow meter, presum- 
ably somewhat as in our apparatus. No 
air speeds are given, and this makes it 
impossible to compare the capacities. 
This, however, is of less importance for 
purposes of comparison than the prin- 
ciple to which they ascribe the 96 per 
cent. gravimetric efficiency obtained 
with fine silica dust. Their method of 
calibration is that used by the Bureau 
of Mines for the sugar-tube calibrations, 
and this is the method used by us, also, 
except that we evaporate the collected 
dusty water while they presumably 
filter off the dust and obtain the weight 
by ignition. With pure silica dust, 
however, this should cause no appre- 
ciable difference, though their results 
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may be slightly lower owing to the diffi- 
culty in filtering fine silica suspensions, 
mentioned by the Bureau of Mines (66). 
The point which particularly interests 
us is their claim that the efficiency ob- 
tained is due to the combined effect of 
impingement and bubbling through the 
water. As has already been pointed 
out, we found no advantage in placing 
the thimble of our entrance tube close 
to the bottom of the collector tube, while 
they particularly emphasize the neces- 
sity of doing this. They must use some 
method of holding the entrance tube in 
position, however, as it would otherwise 
be too unsettled and probably cause 
leaks at the rubber stopper. In our ap- 
paratus the spiral holds the tube firmly 
in position, though this was not the rea- 
son for adopting the spiral. 

Our conception of impingement pos- 
tulates velocities comparable to that at 
the orifice of the Kotzé konimeter— 
namely, 30 to 130 meters per second. 
Assuming 135 holes 0.06 inch in diameter 
in our thimbles (see Fig. 1), a flow of 
10 eubie feet per minute, and uniform 
flow through the holes (which is ignor- 
ing the orifice effect and not strictly ac- 
curate), the velocity at the thimbles on 
the outlet side is approximately 19 
meters per second—an amount which is 
appreciably less than is possible on the 
konimeter. ‘l’o obtain air speeds which 
substantially exceed this, it would seem 
that Greenburg and Smith either re- 
quire very powerful suction or else must 
blow the dusty air through under pres- 
sure. In either case our experience 
shows that water will be blown out of 


’ the top of the collector unless it is wide 


and high, or unless very small air vol- 
umes are used. 

It is perhaps drawing ultra-fine dis- 
tinctions, but we should ascribe the high 
efficiencies obtained by Greenburg and 


Smith to the size of the holes and the 
consequent small size of the bubbles pro- 
duced rather than to impingement. Un- 
doubtedly the velocity of the air and the 
abrupt and complete change in direc- 
tion, more complete in their apparatus 
than in ours, have much to do with 
catching the dust. The holes in our 
thimbles (Fig. 1) are nearly twice the 
diameter of the holes in theirs, and there 
are relatively more of them. The total 
area of the holes in our case represents 
about half the area of the entrance tube, 
while in their instrument the ratio is 
much less. Their entrance tube is 5/8 
inch in diameter and 9 inches long, while 
ours is 1 ineh in diameter and 14% 
inches long. The difficulty of cleaning 
the two tubes is probably about equal; 
their holes are smaller, while our tube is 
longer. In field work particularly we 
have found cleaning the thimble the only 
objectionable part of the technic and for 
that reason we have occasionally used 
thimbles with one large hole (measuring 
about 1/8 inch) at the tip. By using 
smaller holes in the thimble we undoubt- 
edly obtain better wetting owing to more 
intimate contact, but this advantage is 
counterbalanced by the increased diffi- 
culty in cleaning. While our thimble is 
detachable, as is also the bottom portion 
of the collector, matters are consicder- 
ably simplified if the thimble need not 
be removed. 

From our experience a device for 
avoiding entrainment losses is essential ; 
otherwise slow air speeds must be used 
which cut down the efficiency of the ap- 
paratus and result in samples compar- 
able in size and rate with those used in 
filtration methods. In our opinion this 
annuls the chief advantage of wetting 
methods.’ 


2Some time after the writing of this paper We 
received, through the courtesy of Mr. 8. H. Katz 
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X. Tue ApaprTratTion oF COLLECTOR TO 
Fretp Uss 


When a determination is made in the 
field by methods of direct filtration, 
such as the sugar tube or cotton filter, 


ods a decided advantage. With our ap- 
paratus, and the same objection pre- 
sumably applies to that of Greenburg 
and Smith and to the Palmer instru- 
ment, a certain amount of simple but 
careful technic is required in washing 


TABLE 9.—SUMMARY OF TABLES 1 THROUGH 6 











Efficiencies 
Sub- __ By Weight Theoretical mato 
tance : ati BS eee” 7 Remarks 
sta Total First Second Total Single 
Collec- Collec- Collec- | First: § : 
41Irst: sec 
ies tor yams I econc 
Jo Jo %o %o % 

Tale 99.1 99.0 82.4 99.8 95.7 23.3 No scrubber plate 
used and collectors 
washed with 50 per 
cent. alcohol 

Tale 99.2 99.7 82.1 99.86 96.4 27.5 Scrubber plate used 
and collectors 
washed with 50 per 
cent. alcohol 

Tale 99.3 95.3 84.0 99.8 95.8 24.1 Saponin used and 
collectors washed 
with ether and al- 
cohol 

Tale 99.0 95.7 76.8 99.9 96.6 29.7 No saponin used and 
collectors washed 
with ether and al- 
cohol 

Quartz 97.9 95.2 54.9 99.92 97.08 37.6 No scrubber plate 
used and collectors 
washed with ether 
and alcohol 

Quartz 98.3 95.5 53.5 99.95 97.28 41.8 Scrubber plate used 


the filter may be sent back to the labor- 
atory by mail for examination. No 
washing is necessary in the dusty at- 
mospheres usually prevailing. In our 
opinion, these facts give filtration meth- 


of the Bureau of Mines, one of their newest im- 
pingers. The construction of this is such that the 
\ificulty in clearing out the dust which collects 
n the inside of the bottom of the % inch per- 
‘Orated tube is probably obviated. It is under- 
‘tood that the Bureau of Mines’ work on the new 
npinger is soon to be described. 
' ol, 5 


» 2 


and collectors 
washed with 50 per 
cent. alcohol 


the several parts of the collectors. 
Greenburg and Smith make the practical 
suggestion of sending the main collector 
tube to the laboratory but propose wash- 
ing the removable parts in the field—an 
operation which we have found objec- 
tionable. 

Another decided advantage of filtra- 
tion methods is the use of long flexible 
rubber tubing for connecting the filter 
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and the pump so that the filter can be 
set up in any location which seems de- 
sirable. We are combining’ several of 
these ideas, which are especially appeal- 
ing from the practical standpoint, by 
connecting one or two collectors, in se- 
ries or in parallel, to the pump by long 
rubber tubing. If all parts of the col- 
lectors are made of thin standard nickel- 
plated brass tubing or of spun copper 
sheets, and if the same size entrance 
tube with suitable thimble is used, the 
entire collector can be detached from 
the rubber tubing, stoppered, and taken 
to the laboratory. This avoids the wash- 
ing otherwise necessary in the field and 
permits the use of an adequately power- 
ful pump and suitable air meter, the ac- 
curacy of which is in no way impaired 
by the use of long rubber tubing on the 
up-stream side of the pump. ‘Twelve 
all-metal collectors have been made and 
will be tried out in field tests against an 
electric precipitator. 

A practical objection to the use of our 
apparatus in the field is the temperature 
limitation imposed by the use of water 
as the wetting medium—an objection 
which was not encountered in the labor- 
atory. If the air entering the first col- 
lector is dry, regardless of its temper- 
ature, evaporation is rapid and _ the 
cooling effect considerable. A thermom- 
eter in the bottom of the first collector 
registers the wet bulb temperature 
fairly accurately, so that the water 
freezes when the wet bulb temperature 
reaches 32° Ff. While the presence of 
soluble matter will depress the freezing 
point, we have had the first collector 
freeze in factories when the dry bulb 
temperature registered 41° '.—a _ tem- 
perature which is often encountered in 
the vicinity of Boston, during the winter 
months, in portions of buildings where 
there is no especial need of heat. With- 


out any warhing, ice crystals formed on 
the scrubber plate and thimble with the 
result that the air flow dropped from 
10 cubie feet to 14%. The second col- 
lector, on the other hand, did not freeze 
since the air entered it at approximately 
the saturation point and therefore had 
less evaporative power and less cooling 
effect. This defect of freezing can 
probably be obviated by the use of an 
anti-freezing agent which will not ap- 
preciably increase the viscosity. 

The apparatus is unsuited for deter- 
mining such particulate matter as 
smokes and most fumes, but since it is 
not necessary to take as large samples 
of these substances we do not consider 
this an objectionable feature, and use 
electric precipitation or dense filters in- 
stead. More for curiosity than to test 
its efficiency we recently attempted to 
use this new apparatus for determining 
hydrochloric acid gas in the air. The 
concentration of acid was so low that it 
required about 8 to 10 liters in order to 
obtain amounts which could be deter- 
mined, even approximately, with 0.05 N 
acid and alkali by the usual methods of 
aspiration and titration in the presence 
of sensitive indicators. ‘l'o avoid corro- 
sion a glass entrance tube was used and 
holes blown in the end, much the same 
as in Greenburg and Smith’s collector. 
The spiral was soldered on a brass tube, 
slipped over the entrance tube, and 
paraflined. Air flows up to 5 cubic feet 
per minute were used and samples which 
could be titrated with N/10 solutions 
were obtained in a few minutes. The re- 
sults were uniformly lower than by aspi- 
ration in the usual manner. For still 
lower concentrations of acid, such as 1 
part per million, the error was greater. 
Since established methods of hydrogen- 
ion concentration are quite suitable for 
such work, the use of our apparatus for 
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‘his problem was investigated no fur- 
ther. 

1. Lhe Amount of Air Required for 
a Representative Sample—tThe rate at 
which our apparatus, in its present 
form, functions is 8 to 10 eubie feet per 
minute, which is quite adequate for the 
purposes outlined. There is no reason 
io believe that 10 cubie feet per minute 
will always suffice. Rather than increase 
the size of the pump it would be better 
to use two single collectors in parallel 
or two separate outfits such as have 
been described. For smaller samples, 
which presumably signify finer particles, 
we should use the collectors as they 
stand and decrease the sizeof the thim- 
ble holes. If smaller collectors are used, 
the amount of water required is corre- 
spondingly decreased and it is possible, 
often, to clarify the dusty water by 
centrifuging in a laboratory apparatus 
and thus to estimate the amount of dust 
by the volume occupied in the centrifuge 
tube—a method which is frequently used 
in routine chemical analyses. 


XI. StumMMARY 


Following a classification of atmos- 
pheriec particulate dust on the basis of 
particle size and dispersion, the litera- 
ture on methods for its determination is 
reviewed. The theory of wetting dust 
and other fine particles is discussed in 
its relation to industrial and laboratory 
inethods of recovering particulate mat- 
ter from the air. Laboratory methods 
of producing dust clouds are described 
in their relation to particle size and 
‘endency to floceulate. The effect of foam 
producing agents, such as saponin, on 
‘he wetting and collection of dust con- 
sists chiefly in facilitating the cleaning 
ol the apparatus. 


v0 
9 
' & 


A new apparatus for the collection 
and determination of atmospheric dust 
is described. It consists in a device for 
passing dusty air through water at a 
rate of 8 to 10 cubic feet per minute. The 
degree and duration of contact between 
the dusty air and the wetting medium 
are controlled by the air speed and by a 
perforated thimble immersed in water. 
The holes in the thimble illustrated are 
0.06 inch, but this is not a fixed dimen- 
sion. Entrainment losses are avoided 
by spiraling the exhaust air out of the 
collector and thus changing its direc- 
tion. A vacuum cleaner motor-fan 
serves as the source of suction and is 
equipped with a rheostat for speed con- 
trol. An orifice meter at the exhaust 
measures air flow. 

For laboratory use a portion of the 
collector is made of glass but the great- 


er part is of nickel-plated tubing or of 


spun sheets. For field use all-metal col- 
lectors are proposed. 

The apparatus is calibrated against 
air-floated clouds of fine silica and tale 
dusts. It is shown that the combined 
efficiency of two collectors in series va- 
ries from 97 to 99 per cent. with these 
two dusts. The first collector recovers 
about 95 per cent. of the dust, which con- 
sists of practically all the particles 
greater than 10 microns and the larger 
portion of those less than 10 microns. 
The efficiency of the second collector is 
substantially lower and varies from 50 
to 85 per cent. with tale and silica dusts. 
The dust recovered in the second collec- 
tor consists of much smaller particles, 
most of which are about 1 to 2 microns 
or less and show brownian movement. 
The difference in the efficiencies of the 
two collectors is explained by the fact 
that the first removes about 95 per cent. 
of the dust so that their respective tasks 
are not comparable. It is suggested that 
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the second collector be equipped to give 
more intimate contact between the dusty 
air and the wetting medium than does 
the first. 


For field use all-metal tandem collec- 
tors connected to the suction pump by 
rubber tubing are proposed. 
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BOOK REVIEWS 


INDUSTRIAL HLYGIENE AND MEDICINE. By &#. W. 
Hope, 0.B.1%., M.D., D.Se., Medical Officer of Health 
for the City and Port of Liverpool; Professor in 
Public Health, University of Liverpool; Late Pro- 
fessor of the Society of Medical Officers of Health, 
and Late Examiner in the Society of Medical Offi- 
cers of Health, and Late Examiner in the Univer- 
sities of Belfast, Cambridge, Edinburgh, and Man- 
chester, and to the Royal College of Physicians 
(Lond.), and Royal College of Surgeons (Eng.) ; 


in collaboration with W. Hanna, M.A., M.D., 


D.P.H., and @C. O. Stallybrass, M.D., D.P.H., 
Assistant Medical Officers of Health for the City 
and Port of Liverpool, and Lecturers in Public 
Health Subjects, ete., University of Liverpool. 
Cloth. Vp. 766 with introduction, illustrations, 
appendix, and index. London: Bailliére, Tindall & 
Cox; New York: William Wood and Company, 
1923. 

The appearance of this new textbook is wel- 
come; it marks the rapid advance which has 
been taking place in the science of industrial 
medicine. No reader ean fail to note the fact 
that in the last few years new knowledge has 
been acquired on every side. The physiology 
and practice of ventilation, and the standards 
and methods of illumination have been revo- 
lutionized ; study of activity and fatigue has 
affected working hours, working spells, and 
rest-pauses; the doctor is being called in to 
prevent as well as to treat disease and acci- 
dents: the demand for industrial canteens, 
washing accommodations and drinking water 
has led to the production of new appliances. 
Meanwhile study of dust phthisis is throwing 
light on general tuberculosis, and the occur- 
rence of cancer among tar workers has led to 
the experimental production of cancer in ani- 
mals. 

The whole field may be conveniently sub- 
dividec into three portions: one concerned 


with the prevention of ill health, that is to 
say, with maintaining the vigor and activity 
of workers; a second with the occurrence and 
cure of occupational disease; and a third with 
the medicolegal aspects of compensation acts. 
Kach of these subdivisions is worthy of a sep- 
arate book, and indeed has been accordingly 
dealt with; yet Dr. Hope and his co-authors 
have essayed the labor of combining all in 
one book. For this purpose free drafts have 
been made on existing literature ; much infor- 
mation has been conveniently brought to- 
vether from government reports and scientific 
journals. The result on the whole is good, 
and a useful book for students has been pro- 
duced. Perhaps at times the eager spirit un- 
derlying industrial investigation is missing, 
and the reader feels that the story is being 
told as if it were second hand, rather than by 
those in immediate contact with workers and 
their work; still there is hardly one of the 
eleven chapters which is not well and con- 
cisely written, and each possesses a valuable 
bibliography (reference number 12, Chapter 
11, however, seems not to have been authenti- 
eated ). 

Particular attention is given to dust as a 
cause of disease, and also to occupational tu- 
bereulosis; these subjects meet in tuberculous 
silicosis. The data are well presented and 
are entirely up-to-date. Here, as elsewhere, 
the writers are content to present the views 
of others rather than to suggest new light. 
Cancer as an industrial disease is not so well 


dealt with; there are several omissions, par- 
ticularly the absence of reference to the oc- 
currence of scrotal cancer among mule-spin- 


ners. One of the best sections is that dealing 
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with anthrax, as indeed might be expected in 
view of the special connection of the authors 
with Liverpool where the new anthrax disin- 
fecting station has been built. 

Regret may be expressed that this textbook 
has appeared almost simultaneously with the 
Occupational Supplement of the Registrar- 
General which deals with the years 1910 to 
1912, and contains much new information 
which is probably better based than that pub- 
lished for previous decennia. Through no 
fault of the authors this coincidence makes 
many of the mortality rates given already 
antiquated, The book contains many illus- 
trations, some of which are excellent, although 
others cannot have much meaning to anyone 


unfamiliar with the process portrayed.— 
Edgar L. Collis. 


SUPPLEMENT TO THE SEVENTY-FIrTH ANNUAL RE- 
PORT OF THE REGISTRAR-GENERAL FOR ENGLAND &«& 
WALES. Part IV. MorTaALity or MEN IN CERTAIN 
OccUPATIONS, 1910-12. Pp. 100. London: H. M. 
Stationery Office, 1923. 


As long ago as 1851, Dr. Farr published in 
the Fourteenth Annual Report of the Regis- 
trar-General for England and Wales an in- 
vestigation of occupational mortality. The 
subject was elaborated for subsequent censual 
years and there is in existence a unique series 
of Decennial Supplements. The inquiries 
were extended in the reports for 1890 to 1892 
and 1900 to 1902; and now, although some- 
what belated in its appearance, the report for 
1910 to 1912 has been issued. It is at once 
somewhat curtailed and also expanded; cur- 
tailed in that the usual commentary by the 
Medical Superintendent is omitted, and ex- 
panded in that some valuable new subdivi- 
sions of the occupational groups are given. 
The volume is composed nearly wholly of tab- 
ular matter, 189 individual tables being given. 
Summary tables are also printed, and com- 
parison is instituted between the mortality 
rates for 1900 to 1902 and for 1910 to 1912. 
One useful statistical change has been adopt- 
ed; in previous reports the mortality figures 
have been arrived at by establishing first a 
standard with which each occupation is com- 
pared, and the standard taken has been that 
general male population between the ages of 
25 and 65 which, for each decennial period, 
produced 1,000 deaths. This population of 
course varied from one period to the next; 
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hence in order to compare the figures of one 
period with those of another, complicated 
sums were needed. Now, however, a standard 
population has been fixed at the figure used 
for 1900 to 1902, which happened to be 
71,005, with a certain distribution according 
to age. 

The report will be seized upon with avidity 
by everyone interested in industrial hygiene, 
for, even after every allowance has been made 
for imperfections due to insuperable difficul- 
ties in making the data exact, there remains a 
wealth of useful information. When the data 
now published are compared with those of the 
two previous supplements, there is found 
marked improvement in practically every oc- 
cupation; and what is more important, the 
improvement has on the whole been most 
marked in those occupations which stood 
worst in 1900 to 1902, as may be seen in the 
accompanying figures for a few occupations 
taken at random (Table 1). 

TABLE 1.—COMPARATIVE MORTALITY FOR 

AGES 25 TO 65 IN CERTAIN OCCUPATIONS 

IN ENGLAND AND WALES 








| 910-1912 
Trad 1TS890- 1900- WO 203 
— 1892 | 1902 | No, | % de 


crease’ 


Dock laborers .... 2,114 1,481 1,127 46.7 


Glass makers ...... 1,719 1,493 938 45.4 
Stone quarriers ... 1,359 939 792 41.7 
CGE SITIOTR 2c ccs 1.322 951 TT7 41.2 
(South Wales) 
eee re 1,970 1,493 1,196 39.3 
ire 1,267 994 773 = 339.0 
Cotton operatives . 1,318 1,114 811 38.5 
Agricultural laborers 731 621 470 35.7 
RE 974 S90 641 34.2 
Brick makers .... S857 653 567 33.8 
0 1.114 1,027 799 = =30.2 
Coal miners ...... S94 763 635 29.0 


(Durham and 
Northumberland ) 
GOPGOMOTE .sccsees 638 563 457 28.4 








‘As compared with years 1890-1892. 


When the causes which make up the total 
mortality are examined in detail, a fall is 
found to have taken place for all males when 
compared with the figures of 1900 to 1902, at 
least with regard to most of the chief causes 
of death; thus, diseases of the nervous system 
decreased 17 per cent., phthisis 25 per cent., 
pneumonia 27 per cent., and bronchitis 36 
per cent.; but valvular disease of the heart 
increased 17 per cent., cancer 15 per cent., 
and diseases of the digestive system 4 per 
cent. 


OE EE rue eee 














ee mee rm ee ee ae 


ee 


I LL LL LE AOE CE RE 

















Sree .ee ee yenmman: swr+ emyp-arunememagmmnnmnastener 
— a 











Ee 


—— ee 

















EE ae a 





80 





The figures for phthisis show that tin 
miners, with a special exposure to silica dust, 
stand at the top with a figure of 678, while 
the clergy are lowest (45) ; subdivision of the 
stonemason group shows the sandstone mason 
with a figure of 415, but the limestone mason 
with one of 129. The ‘‘phthisis-ridden’’ in- 
dustries still have high figures: shoemakers, 
222; tailors, 186; and printers, 208; but sub- 
division of the last group shows hand com- 
positors with a figure of 239, and the machine 
compositors with one of only 70. 

Cancer figures vary from 125 for brewers 
to 41 for lithographers; chimney sweeps are 
still high (107), but they no longer head the 
list as of old. Parts of the body affected are 
not stated, and no useful investigation re- 
garding eancer as influenced by occupation 
ean be made without this additional informa- 
tion. The matter is, we understand, under 
consideration. 
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Valvular disease of the heart is highest 
among seamen (85) and costermongers (72), 
and lowest among clergy (22) and medical 
men (28). 

Lead poisoning is the only distinctive occu- 
pational disease referred to; naturally it ap- 
pears in only a few occupations. Lead manu- 
facturers stand highest with a figure of 123; 
next in order come potters (22) and painters 
(20). 

The facets presented in the tables are so 
numerous, and often of such interest, that no 
adequate digest can be attempted. Each in- 
quirer must search for himself, and his search 
is certain to prove of value. Already the pe- 
riod 1920 to 1922 which should be dealt with 
in the next Occupational Supplement, has 
passed, and a hope may be expressed that the 
report will appear before the interest aroused 
by the present publication has dissipated.— 
Edgar L. Collis. 


ANNOUNCEMENT OF 


THE AMERICAN ASSOCIATION OF INDUSTRIAL PHYSICIANS 
AND SURGEONS 


OFFICERS OF THE ASSOCTATION 


President 
Dr. ©. E. Ford 
General Chemical Company 
New York City 
Ist Vice-President 
Dr. L. A. Shoudy 
Bethlehem Steel Company 
Bethlehem, Pa. 


2nd Vice-President 
Dr. D, B. Lowe 
Goodrich Rubber Company 
Akron, Ohio 


Secretary-Treasurer 
Dr. Wm. Alfred Sawyer 
Eastman Kodak Company 
343 State St., Rochester, N. Y. 


The Eighth Annual Meeting of the American Association of Industrial Physicians and 
Surgeons will take place in Buffalo, October 1, 2 and 3 of this year. It will be held in 
the New Statler Hotel during the same week as the annual meeting of the National Safety 
Council, and one or more sessions will be in conjunction with the Health Service Section 


of that organization. 


An excellent program is being prepared by the program committee, of which Dr. C. D. 


Selby of Toledo is chairman. 


It is hoped and anticipated that a large number of members will be present at Buffalo. 
It is fairly central and new territory so far as the annual meeting of our Association 1s 


concerned. 


Will members of the Association who wish to read papers at this meeting please com- 


municate as soon as possible with Dr. Selby, 655 Spitzer Bldg., Toledo, Ohio. 


J. 1. H. 
June, 1923 


